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UPPER CRETACEOUS FLORAS OF THE EASTERN GULF BEGLON IN 
TENNESSEE, MISSISSIPPI, ALABAMA, AND GEORGIA.'. .••*/>. 

By Edward Wilber Berrt. 




INTRODUCTION. 

The eastern Gulf region discussed in this 
paper includes that part of the Atlantic 
Coastal Plain bordering on the Gulf of Mexico 
and lying south and west of the southern 
Appalachian province and east of Mississippi 
River. The area of outcrop of the Upper 
Cretaceous deposits borders the inland margin 
of the Coastal Plain (see PI. I), and the belt from 
which determinable plant fossils have been col- 
lected extends from Benton Coimty, in west- 
central Tennessee, southward and eastward to 
west-central Georgia. Most of the fossil plants 
come from the basal formation of the Upper 
Cretaceous series — the Tuscaloosa formation. 

The overlying Eutaw, Selma, and Ripley 
formations, with their various members, are 
marine deposits with abimdant moUuscan 
faimas, which do not fall within the scope of 
the present contribution. A few fossil plants 
have been found in the basal beds of the 
Eutaw formation in Tennessee, Alabama, and 
Georgia, in the upper beds of the Eutaw forma- 
tion in Tennessee, and a still smaller and more 
poorly preserved representation occurs in the 
shallow-water phases of the Ripley formation 
in Tennessee, eastern Alabama, and western 
Georgia. 

As the bulk of the flora Is from the Tusca- 
loosa formation and the representation of the 
Eutaw and Ripley floras is too meager to throw 
an}^ considerable light upon their correlation 
or the physical conditions accompanying de- 
position, this contribution will be devoted 
principally to the elucidation of the Tuscaloosa 
flora and should be regarded simply as a pre- 
liminary report, for though it exhausts the 
present extensive collections, it should be 
remembered that both my own geologic work 
and that of my associates in this vast area was 
of a reconnaissance nature only. Later, when 



the abundant workable clays of the Tuscaloosa 
formation are developed for economic purposes 
many new localities will probably be discov- 
ered and it may be possible to recover addi- 
tional representatives of the flora. 

GENERAL RELATIONS OF THE CRETACEOUS 

DEPOSITS. 

Both Lower and Upper Cretaceous deposits 
are represented in the eastern Gulf area, but 
the former are much less extensive and varied 
than in the middle Atlantic slope to the north- 
east or in the western Gulf area to the west in 
Texas and Mexico. 

Lower Cretaceous sediments are present only 
in the eastern part of the area, where the 
southwesterly extension of the Potomac group 
of the Middle Atlantic States crosses Georgia 
along the fall line as an irregular belt of im- 
fossiliferous cross-bedded arkosic sandy clays 
and light-colored kaolins 5 to 30 miles wide, 
extending westward into Alabama as a belt 
4 to 8 miles wide that terminates in Elmore 
Countv. 

The Upper Cretaceous is subdivided into the 
Tuscaloosa formation, the Eutaw formation, 
the Selma chalk, and the Ripley formation. 

The Tuscaloosa is the basal formation of the 
eastern Gulf Coastal Plain from Elmore 
Coimty, Ala., to Tishomingo County, Miss., 
where it gradually thins and is transgressed by 
the overlying Eutaw formation. The Tusca- 
loosa doubtless impinges on the Lower Creta- 
ceous at the former's easternmost development, 
but both the Tuscaloosa and the Lower Creta- 
ceous have been transgressed by the Eutaw 
and the details are obscured. 

The Eutaw forms a belt of varying composi- 
tion (sands, clays, and marls) extending from 
Taylor County, in western Georgia, to the 
southern part of Benton Coimty, in west- 
ern Tennessee, and as isolated remnants as 
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far north as Trigg CoifQty/*Ky. In Georgia 
and eastern Alab.^^.i| Vests with a marked 
unconformity .•••(m* the Lower Cretaceous. 
Throughoutt flbtf rest of Alabama it overlies the 
Tus^alod^a without apparent imconformity. 
"^ ' * *d • the Tuscaloosa region in Tennessee, 
it is represented by the Coffee sand 



ember, the Eutaw constitutes the basal for- 
mation of the Coastal Plain, resting on the 
rocks of the Paleozoic floor, except where rem- 
nants of the Tuscaloosa are preserved. 

The Selma chalk is a lithologic and not a 
chronologic xmit, as it includes in the area of 
its greatest development equivalents of parts of 
the Eutaw and Ripley, as those formations are 
developed elsewhere. It extends from east- 
central Alabama to southern Benton County, 
Tenn., resting throughout without apparent 
imconformity on the Eutaw. 

The deposits of the Ripley sea extend from 
Twiggs Coimty, in central Georgia, to the head 
of the Mississippi embayment in southern Illi- 
nois and probably westward through the 
western Gulf region, although there is a wide 
interval in Missouri and Arkansas that was 
transgressed by Eocene deposits, large areas of 
which were subsequently removed by the ac- 
tion of Mississippi River during late Tertiary 
and Quaternary time. 

These deposits of the Ripley sea do not con- 
stitute a single lithologic or formational uniti 
because in the eastern Gulf region those in the 
Chattahoochee basin are separated from those 
in northeastern Mississippi and the States 
northward by the western Alabama area, in 
which the Sehna chalk continues to the top of 
the Upper Cretaceous. 

The following list is a systematic arrange- 
ment of the plants foimd in the Upper Cre- 
taceous of the Gulf region. In this list the 
species from the Tuscaloosa are denoted by 
the letter *'T,'' and those from the Eutaw and 
Ripley by ^'E'^ and ^'R/' respectively. 

PHYLUM THALLOPHYTA. 

Class Fungi. 
Order Pyrenomycetee. 
Sphaerites alabamensis Berry. T. 

Class Algae (?). 
Halymenites major Lesquereux. E, R. 



PHYLUM BRYOPHYTA. 



Class Hepaticae. 
Order Jungerman niales. 
Jungermannites cretaceiis Berry.' T. . 

PHYLUM PTKRIDOPHYTA. 

Order Equisetales. 

Equisetum? sp. Berry. T. 

Order Lycopodiales. 

Lycopodium cretaceum Berry? T. 
Lycopodites tuscaloosensis Berry. T. 

Order Filicales. 
Family Polypodiaceae. 

Cladophlebis alabamensis Berry. T. 
Dryopterites stephensoni Berry. T, R. 
Asplenium dicksonianimi Heer. T. 

Family Cyatheaceae. 

Dicksonia groenlandica Heer. T. 

Family Gleicheniaceae. 
Gleichenia delicatnla Heer. T. 

Family Marattiaceae (7). 
Marattia cretacea Velenovsky? T. 

PHYLUM 8PERMATOPHYTA. 

Class Gymnospermae. 

Order Cycadales (?). 

Podozamites maiginatus Heer. T. 
Cycadinocarpus circularis Newberry. T. 

Order Coniferales. 

Cephalotaxospermimi carolinianum Berry. E. 
Protophyllocladussubint^rifolius (LesqUereux) Berry. T. 
Cunninghamites elegans (Corda) Endlicher. R. 
Brachyphyllum macrocarpum formosum Berry. T, E. 
Dammara borealis Heer. T. 
Protodammara specioea HoUick and Jeffrey. T. 
Geinitzia formoea Heer. T. 
Araucaria bladenensis Berry. E, R. 

jeffreyi Berry. E, R. 
Androvettia carolinensis Berry. T. 

elegans Berry. E. 
Abietites foliosus (Fontaine) Berry. T. 
Sequoia reichenbachi (Geinitz) Heer. T, E. 

heterophylla Velenovsky. T. 

ambigua Heer. T, E. 

fastigiata (Sternberg) Heer. T. 
Widdringtonites subtilis Heer. T. 

reichii (Ettingshausen) Heer. T. 
Pinus raritanensis Berry. T. 
Tumion carolinianimi Berry? E. 
Cupressinoxylon sp. E. 
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Class Angiospennae. 

Subclass Mbnocotyledonae. 

Order Liliales. 

Doryanthites cretacea Berry. E, R. 

Order Graminales. 

Cyperadtes sp. Hollick. T. 
Phragmites prattii Berry. E. 

Order Arecalee. 

Sabalites^sp. Berry. R. 

Subclass Dicotyledonae. 

Order Piperales. 

Family Piperaceae. 

Piperites tuscaloosensis Berry. T. 

Order Juglandales. 

Family Juglandaceae. 

Juglans arctica Heer. T, E. 

Order Myricales. 

Family Myricaceae. 

Myrica emarginata Heer. T. 
longa (Heer) Heer, T. 
dakotensis minima Berry. T. 
ripleyensis Berry. R. 

Order Fagales. 

Family Fagaceae. 

Dryophylliun gradle Debey. R. 

Order Salicales. 

Family Salicaceae. 

Salix flexuoea Newberry. T, E. 

lesquereuxii Berry. T, E. 

eutawensis Berry. E. 

meekii Newberry. T. 
Populus hyperborea Heer. T. 
Populites tuscaloosensis Berry. T. 

Order Urticales. 

Family Moraceae. 

Ficus krausiana Heer. T, E. 
crassipes (Heer) Heer. T, E. 
georgiana Berry. R. 
daphnogenoides (Heer) Berry. T. 
inaequalis Lesquereux. T. 
shirleyensis Berry. T. 
woolsoni Hollick. T. 
ovatifolia Berry. E. 
alabamensis Berry. T. 
fontainii Berry. T. 



Order Platanales. 

Family Platanaceae. 

Platanus asperaeformis Berry. T. 
shirleyensis Berry. T. 
latior (Lesquereux) Knowlton. T. 
ripleyensis Berry. R. 
sp. Berry. R. 

Order Proteales. 

Family Proteaceae. 

Proteoides conospermaefolia Berry. T. 
Persoonia lesquereuxii Knowlton! T. 
lesquereuxii minor Berry. T. 

Order Ranales. 

Family Ranunculaceae (?). 
Dewalquea smithi Berry. T. 

Family Magnoliaceae. 

Magnolia speciosa Heer. T. 

capellinii Heer. T, E. 

newberryi Berry. T. 

obtusata Heer. T. 

boulayana Lesquereux. T, E. 

longipee Hollick. T. 

lacoeana Lesquereux. T. 

h6llicki Berry. T. 
Liriodendron meekii Heer. T. 

Family Menispermaceae. 

Cocculus cinnamomeus Velenovsky (?) T. 

polycarpaefolius Berry. T. 

problematicus Berry. T. 
Menispermites trUobatus Berry. T. 

int^rifolius Berry. T. 

variabilis Berry. E. 

Order Papaverales. 

Family Capx)aridaceae. 

Capparites cynophylloides Berry. T. 
orbiculatus Berry. T. 

Order Resales. 

Family Mimosaceae. 
Inga cretacea Lesquereux. T. 

Family Caesalpiniaqeae. 

Hymenaea fayettensis Berry. T. 
Bauhinia cretacea Newberry. T, E. 

marylandica Berry. T. 

alabamensis Berry. E. 

ripleyensis Berry. R. 
Palaeocassia laurinea Lesquereux. T. 
Cassia vaughani Berry. T. 
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Fwnily Papili 

PhaBsoliUe fonnus LeeguereuK. T 

Colutea obovaUi Beny. T. 

LirkidendropBis simplex (Xewberrj-) Xewb«rrj-. 

ftnguatifolia Newb«ny, T. 

coDMricta (Ward) Hollirk. T. 

( poai lioDUDcertain). 



LeguminoBJteB ingaefolia Beirj'. T. 
omphBilobioidea Leequereux. T. 
Bbirleyensu Berr}'. T. 
tuBcalooeensiB Deny. T. 

Otder Geranules. 
Family Rutaceae. 
Citrophyllum aligerum (Leequereu:!) Bern-. 

Family Eupborbiaceae. 
Crotonophylluffl panduraeformis Berr^'. T. 
Maoihotitee geoi^iana Berry. E. R. 

Order Sapindalea. 
Family llicaceae. 
Hex maaoni Leequereux. T. 

Family Celaatraceae. 

Celastrophyllam decurrena I.esquereui. T. 
BliirleyenBis Beirj*. T. 
undulatum Newberrj'. T. 
newbeiryanum HolHck. T. 
grandifolium Newberrjv T. 
carolincDsiB Berry. T. 
crenatiun Heer. T. 
crenatum ellipticum Berrj-. T. 
alabamenHJa Berry. T. 
britlomanuffl Hutlick. T. 
gymiodaefolium Berrj'. T. 
praecra«peH Beny. T. 



Family Sapindaceae. 



Order Rbam Dales. 
Family Rbamnaceae. 



Zizyphue lamareiuia Bern-, T. 
lauiifoliua Berry. E. 

Paliurua upatoienaifl Berrj-. E. 

Eorhamnidium eretaceum Berry 
y-phylloidcs (Lesquereun 
B tenai Losquereux. T 



)B*.rr 



Family Vitaceae. 
la Heer. T. 
PUB VelenoVBky, R. 

Order Mai vales. 
Family Tiliaceae. 
OS formoea Berr^'. T. 
dooeensis Beny. T. 



Family Sterculiaceae. 

PteroBpermitce caialinenaie Betty. T. 
StercuUa snowii teimeaeeeiuda Beny. R. 

Order Thymelealefl. 



CimuUDomum newberryi Beny. T, E. 

heerii LcsquereuxT £. 

ep. R. 
Pereea valida Eollick. T. 
Oreodaphne shirleyeiuia Beny. T. 

alabameoBiB Berry. T, 
Sassafras acutilobum Lcequcreux. T. 
Malapoenna cottondalenBLB Beny. T. 

cretacea (Loequereui) Knowltoa. T. 

falcifolia (Lesquereux) Knowlton. T. 

horrelleDais Berry. E. 
Iautus plutonia Heer. T, E. 
Laurophyllum uervilloeum Hollii^k. T. 

anguBtifolium Newberry. T. 

el<^ana Hollick. E. 

Order Mj-rtoles. 

Family Myrtaceae. 

Eugenia tuecalooeeiisia Berry. T. 

Eugenia (7) ancops Berrj'. R. 

EuealyptuB latifolia Uollick. T. 

geinitzi (Heer) Heer. T. 

anguata Velenovaky. E. 

Myrcia havanenfliB Beny. E, R. 

Family Combretaceae. 

Cooocarpites formoeua Beny. T. 

Order Umbel I ales. 

Family Aialiaceae. 

Alalia cottondalensiB Berry. T. 

eutawensis Beny. E. 
Panax cretacea Heer. T. 

Family Comaceae. 

Xyesa snowiaua Lesquereux. T. 
Comophyllum vetuetum Newberry. T. 
ol>tuBatum Benjv T. 

Order Ericales (7). 

Family Ericaceae. 

.Indromeda aovaecaesareac Hollick. T, R. 

graDdifotia Beny. T. 

parlatorii Heer. T, E. 

wardiana Lesquereux. T, E. 

cretacea l^asquereux ? E. 
DermatophyllitcB acutus Heer. T. 
Kalmia brittoniana Hollick. T. 

Order Primulalee. 

Family Mytainaceae. 
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Order Ebenales. 

Family Ebenaceae. 

Dioepyroe primaeva Heer. T, E. 
amboyensia Berry. T. 
rotundifolia Leequereiix. T. 

Family Sapotaceae. 

Sapotacites ettingahauseni Berr^. T. 
ahirleyensis Berry. T. 
formosus Berry. T. 

Order Gentianales. 

Family Asclepiadaceae. 
Acerates amboyensia Berry. T. 

Order Polemonialea. 
Family Borraginaceae. 
Cordia apictilata (HolUck) Berry. T. 

Position uncertain. 

Tricalycitea papyracena Hollick. T. 
Calycites aexpartitna Berry. T. 
Carpolithua iloribundiia Newberry. T. 

tuacalooaensia Berry. T. 
Phyllitea asplenoidea Berry. E. 

ahirleyensia Berry. T. 

piatiaeformia Berry. T. 

TUSCALOOSA FORMATION. 
mSTOaiCAL SKETCH. 

The Tuscaloosa formation was named by 
Smith and Johnson * in 1887 after the city and 
the river (now usually known as the Warrior 
or Black Warrior River) of that name in Ala- 
bama. Earlier observers had noticed the 
presence of sands and clays below the recog- 
nized Cretaceous and above the Carboniferous. 
Lewis Harper,' the State geologist of Mississippi, 
mentioned them in print as early as 1856 and 
suggested that their age was perhaps Permian or 
even Triassic. The same year Alexander Win- 
chell mentioned the mottled clays of Tusca- 
loosa, calling attention to the contained vege- 
table remains '^ appearing like the stems and 
leaves of dicotyledonous plants. '' He doubted 
their Triassic age and in his table of formations 
failed to assign a definite age to them. Meek 
and Hayden ' in discussing the Alabama Meso- 
zoic mentioned the presence of wood and leaves 
and correlated the lower part with the lowest 
Cretaceous of New Jersey and Nebraska. 

1 Smith, E. A., and Johnson, L. C, Tertiary and Cretaceous strata of 
the Tuwaloosa, Tombigbee, and Alabama rivers: U. 8. QeoL Survey 
Bull. 43, p. W, 1887. 

« Acad. Nat. Sci. Philadelphia Proc., vol. 8, pp. 126-128, 18W. 

» Idem, vol. 9, pp. 117-133, 1857. 



Their lithologic characterization clearly indi- 
cates that they are discussing the Tusca- 
loosa, and they say that although the weight of 
evidence favors the correlating of these beds 
with the Neocomian of the Old World, positive 
evidence is lacking that a part may not be older 
than Cretaceous. Subsequently E. W. Hil- 
gard ^ described the beds in Mississippi beneath 
his Tombigbee sands as the Eutaw group and 
referred them to the Cretaceous. The follow- 
ing year Meek and Hayden restated their views 
and definitely correlated the beds in Alabama 
with the Dakota sandstone of the Western 
Interior.* Again in 1876 Meek® reaffirms his 
belief that the basal Cretaceous of Alabama is 
of the same age as the plastic clays of New 
Jersey and the Dakota sandstone of the Upper 
Missouri section. 

All these geologists failed to discriminate the 
Tuscaloosa from the overlying, mostly unfos- 
siliferous sands and laminated clays of what is 
now known as the Eutaw formation. The first 
reasonably complete accoimt of the Tuscaloosa 
formation is that given by Smith and Johnson 
in the publication above referred to. From the 
attitude, lithologic character, and stratigraphic 
position of the beds they correlated the Tusca- 
loosa with the Potomac of the middle Atlantic 
slope which had just been named and briefly 
described by McGee.' This correlation was 
natural, because the Potomac as imderstood in 
the earlier days included beds which according 
to the opinions of different students were re- 
ferred to various levels ranging from the Triassic 
to the Cretaceous and which subsequent study 
has shown constitute a series of well-marked 
formations, the oldest of Neocomian age and 
the youngest of Cenomanian age. 

From 1883 to the present time Dr. E. A. 
Smith, the State geologist of Alabama, has 
added to our knowledge of these deposits, being 
assisted in the beginning by L. C. Johnson and 
D. W. Langdon, jr. The discovery of all the 
noteworthy localities for fossil plants is due to 
their efforts. In 1884 some leaf impressions 
collected by Langdon in Bibb County were 

* Report on the geology and agriculture of the State of Mississippi, p. 61, 
1860. 

ft Acad. Nat. Sci. Philadelphia Proc., vol. 13, pp. 41»-421, 1861. 

* Meek, F. B., A report on the invertebrate Cretaceous and Tertiary 
fossils of the Upper Missouri country: U. S. Oeol. and Oeog. Survey Terr. 
Kept., vol. 9, pp. 38-42, 1876. 

' McQee, W J, [Geology of Washington and vidnityl: Report of the 
health officer of the District of Cohunbia for the year ending }une 30, 
1885, pp. 19-21, 23-35, 1886. 
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submitted to Leo Lesquereux, and among them 
he recognized a species of Podozamitea, which 
he thought might indicate a pre-Cretaceous age. 
Lesquereux afterward determined a small col- 
lation of leaves from the Tuscaloosa formation 
at Tuscaloosa, but this Ust seems aever to 
have been published.' 

In 1886 Smith and Langdon discovered 
several localities for fossil plants in the vicinity 
of Tuscaloosa (Cottondalo, Snow plantation, 
and Tuscaloosa) and the next year the United 
States Geological Survey sent W. M. Fontaine 
into the held. He made lai^e coUections of 
mostly fragmentary material from those out- 
crops as well as from one or two other outcrops 
near Tuscaloosa. In 1892 L. F. Ward visited 
Alabama and with Dr. Smith made extensive 
collections from Glen Allen and Shirleys Mill. 
These collections received a preliminary study 
by Ward, who furnished a list of 35 species 
which was pubhshed by Smith in 1894 in his 
report on the geology of the Coastal Plain of 
Alabama. This list enumerated the following 
forms: 
Andromeda latifolia Newberry ^Andromeda gtandifolU 

Berry. 
Andromeda novaecalcareac Qollick (iiova<>caesarea(^). 
Andromeda parlstorii Heer. 
Aralia wellingtoiuaiia Lesquereux '.\islia cottoudaleiuu 

Carpolithua floribuadus Newberry. 
CelttstniphyUum creoatuiii Heer. 

undulatum Newberry. 
Cinnamomum intermedium Newberry^^Cinnamomum 

newberryi Berry. 
Cladophlebis parva Fontaine =ClEuIophlebifl eJabajneDsie 
Berry. 

puH circularia Newberry. 

ia capillaris Newberry.' 

groeulandica Heer. 

rimaeva Heer. 

Bttenuata Newberry.' 
Newberry.' 

ia NewbMry.' 

ualie Leequereux. 

.to-acuminata Newberry.' 

i Newberry. 

pcds anguetifolia Newberry. 

. Newbcny. 

«maD8 Heer.' 

ita Newberry. 

les Newberry— Magnolia boulaj'ana Lee- 
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Myttdne borealia Heer. 

PopuluB apiculata Newberry '^Cordia apiculata Berry. 

Proteoidefl daphnogenoidee HeervFicua daphnogencudefl 

Berry. 
Ptermpermitefl modeetus Lesquereux.' 
Sequoia gracillima Lesquereux, Newberry =^ddringt«n- 
ites reichii (Ettingsbausen) Heer. 

het^tiphyUa Velenovaky. 

reichenbochii (Geiniti) Heer. 
Tricalycit«fl papyraceus Newberry. 
Widdringtonitee reichii (Ettingehaufien) Heer. 

I spent the field season of 1909 revisiting 
all of the known plant localities in Alabama 
and making extensive collections in prepara- 
tion for this report. Accompanied by L. W. 
Stephenson I studied the Black Warrior and 
Tombigbee river sections during a trip down 
those rivers in a launch from Tuscaloosa, Ala., 
to the Eocene contact at Moscow, Ala.; I 
traversed Coosa and Alabama rivers from 
Wetumpka to Montgomery, Ala., Chattahoo- 
chee River from Columbiis to Gainesville, Ga., 
and upper Tombigbee River in Mississippi, and 
visited localities in Tishomingo, Prentiss, and 
Itawamba counties, Miss. I have also used 
the coUections and notes made by Mr. Stephen- 
son in his extensive field and office studies on 
the stratigraphy and paleontology of the Cre- 
taceous of the eastern Gulf area. 

ABEAL DISTBIBUnON. 

The Tuscaloosa formation outcrops as a belt 
of varying width along the southwestern bor- 
der of all four of the physiographic divisions of 
the southern Appalachian province. These 
divisions are, in order from northwest to south- 
east, the Interior Lowlands, the Cumberland 
Plateau, the Appalachian Valley, and the Pied- 
mont Plateau, This area of outcrop, which 
amounts to about 6,500 square miles, is almost 
exactly lunate in outline, one horn terminating 
at the Tennessee boundary in northeastern 
Mississippi and the other near Montgomery in 
east-central Alabama. Its length b about 250 
miles, and the chord of the arc is almost ex- 
actly at right angles with the axis of the Ap- 
palachian Mountains.* 

UTHOLOaiC CEARACTSB, 

The materials are predominantly sandy and 
give rise to the broken, uneven topography of 
the present day. These sands are usually 
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light in color, cross-bedded, and micaceous and 
contain in places, particularly landward and 
northward, considerable gravel and pebble 
beds, made up of both well-rounded quartz and 
angular chert in about equal proportions. In 
disconnected and interbedded lenses there is a 
large amount of argillaceous material which is 
in places massive and in places laminated. 
Seams of lignite of inconsiderable thickness are 
present at various levels, for example, 2 miles 
east of Tuscaloosa near the base of the Tus- 
caloosa formation a seam occurs several inches 
thick; and toward the top of the Tuscaloosa, 
in Itawamba Coimty, Miss., lies a persistent 
bed of lignite, nearly 2 feet thick, which in the 
earlier days of the coimty led to the formation 
of a coal company. Very lignitic days are 
seen in many sections, a layer in the section at 
Big Gully, southwest of Tuscaloosa, being filled 
with prostrate logs of large size. Pyrite and 
ferruginous oxide forming locally indurated 
sandstones are generally distributed. The 
lignite beds or lignitic days conmtionly contain 
globules of amber, and findy disseminated 
gypsimi crystals are seen at various levels. 

The clays of the lower part of the Tusca- 
loosa are more extensive, more massive, and 
thicker than in the corresponding Upper 
Cretaceous from Cape Cod to Texas except in 
the Raritan formation of Middlesex Coimty, 
N. J. Like the Raritan they represent non- 
marine sediments although marine waters 
were near by. This fact is attested by tempo- 
rary incursions of marine faunas in the Raritan 
and by the presence of glauconite and gypsum 
in the Tuscaloosa. Some of this gypsimi 
seems imquestionably to be secondary in 
origin as in the large radiating crystals so 
abundant in the gully on the Snow plantation, 
but the finely disseminated needles of gypsum, 
as in the Sanders Ferry Bluflf section, are 
usually regarded as of primary and not of 
secondary origin. Continental deposits have 
probably helped to make up the thickness of 
the Tuscaloosa. The great bulk of the Tusca- 
loosa flora comes from western Alabama in the 
area from Cottondale northwest to Glen Allen. 
East of Cottondale identifiable plant remains 
are sporadic in their occurrence, but northwest 
of Glen Allen they are practically absent and 
the few plants foimd in northeastern Missis- 
sippi prove that the base of the Tuscaloosa is 
progressively younger toward the head of the 



embayment. A reasonable explanation is fur- 
nished by the delta type of sediments and 
the probable Cretaceous drainage lines south- 
westward in the structural lines of the folded 
Carboniferous rocks. This view of the Creta- 
ceous physiography is by no means new, 
having been elaborated by Hayes * in 1899. 

The basal purplish clays aroimd Tuscaloosa 
seem to be replaced by basal sands in northern 
Fayette Coimty. These sands are coarse, with 
large and small pebbles, in places with well- 
rounded quartz cobbles and angular cobbles 
of Carboniferous sandstone. About half the 
pebbles are rounded quartz, and the remainder 
are angular chert. In places the sands are 
filled with fragments of chert the size of buck- 
shot. The Carboniferous surface is undulating 
and in places approaches close to the surface. 
It is exposed in the stream channels and rises 
to form the cores of many of the hills between 
Fayette and Glen Allen. These hills were 
probably in existence during Tuscaloosa time. 
The local lithologic variations will not be de- 
scribed in the present connection as they have 
been discussed at length by Smith and more ' 
recently by Stephenson, and they are suffi- 
ciently illustrated in the sections carrying plant 
remains which are subsequently discussed 
(pp. 15-22). 

The strike of the beds is paralld with the 
shore line of the old land mass which they 
skirt, and their dip conforms to the gently 
warped surface of the Cumberland peneplain. 
Their total thickness in western Alabama is 
estimated by Smith to be about 1,000 feet,, 
but they become thin in a short distance north. 

In northeastern Mississippi their maximum 
thickness, as determined by the city water- 
works well at Corinth, is about 270 feet, and 
although they probably were transgressed by 
the overlying Eutaw in this northern area, 
they have not been recognized north of the 
Tennessee-Mississippi boundary in either sur- 
face outcrops or well borings, except as sands 
or gravels which have been mapped as undif- 
ferentiated Tuscaloosa and Eutaw and which 
are interpreted as a series of coarse sediments 
resulting from physiographic changes covering 
an interval extending from Tuscaloosa into 
Eutaw time. These changes are discussed on 
pages 26-29. 

1 Hayes, C. W ., Physiography of the Chattanooga district, in Tennessee, 
Georgia, and Alabama: U. S. Geol. Survey Nineteenth Ann. Rept., 
pt, 2, pp. 1-58, 1899. 
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STRATIQRAPHIC BELATIONS. 

In the easternmost part of their outcrop the 
Tuscaloosa deposits may rest upon the Lower 
Cretaceous sediments that enter eastern Ala- 
bama from Georgia and disappear in the longi- 
tude of Montgomery, particularly as these 
Lower Cretaceous sediments are supposed to 
have once been continuous with those of the 
western Gulf region. However, the imlithified 
and unfossilif erous character of all the deposits 
at this point has thus far prevented a deter- 
mination of their precise limitation and re- 
lations. 

From the western part of Elmore County 
northwestward to the central part of Chilton 
Coimty, a distance of about 40 miles, the 
Tuscaloosa rests upon the crystalline igneous 
and metamorphic rocks of the Piedmont 
Plateau. From Chilton County northwest- 
ward to their disappearance as continuous 
beds in northeastern Mississippi, the Tusca- 
loosa sediments rest on the limestones, shales, 
and sandstones of the Mississippian and Penn- 
sylvanian series of the Carboniferous. They 
are overlain throughout their extent by the 
somewhat similM* shallow-water sediments 
forming the basal part of the Eutaw formation. 

LOCAL SECTIONS CONTAININa PLANT REMAINS. 

The detailed areal distribution and lithology 
of the Tuscaloosa formation will probably be 
fully discussed in a subsequent Survey publica- 
tion by L. W. Stephenson in connection with 
his Cretaceous faunal studies, so that any ex- 
tended discussion is not necessary in this re- 
port. Therefore only a few of the more im- 
portant outcrops where fossil plants have been 
collected will be described in the following 
pages. 

NEAR *IUKA, MISS. 

The most northerly plant-bearing outcrop of 
the Tuscaloosp, formation is that in the cut of the 
Southern Railway 1 f miles east of luka, in Tish- 
omingo County, Miss. (See PL III, B.) The 
exposure is not extensive but shows, according 
to Stephenson, a basal conglomerate overlain by 
lignitic, argillaceous, very micaceous sands. An 
interesting feature of this and other outcrops 
in northeastern Mississippi is the abundance of 
amber, which occurs in pieces ranging from 
tiny globules to pellets about the size of mar- 
bles, that found near luka showing distinct 



evidence of having been rolled and waterwom. 
The fossil plants found at this locaUty are few 
in number and poorly preserved. They in- 
clude the four forms Andromeda wardiana, 
Androvettia caroUnensiSy PhyUUes pistiaeformiSy 
and Sequoia reichenhorchiy of which the last 
is typical and very abundant. These forms 
are aU significant in their bearing on the 
relative age of the deposit, and though the 
Andromeda and PhyUUes occur in the Alabama 
Tuscaloosa, both are rare, and usually the 
rare plants are not found at localities where 
the representation of the flora is small. The 
Androvettia is common to the Black Creek 
formation of North Carolina, and though the 
Sequoia occurs in the Alabama Tuscaloosa as 
well as in the New Jersey Raritan, it is rare in 
both, becoming exceedingly abundant in the 
Magothy, Black Creek, and Eutaw formations. 
It seems evident that the northward extension 
of the Tuscaloosa in Mississippi is younger 
than the main body of the deposits in Ala- 
bama and represents the upper 200 or 300 feet 
of the Tuscaloosa as developed in west-central 
Alabama. 

Plant remains are recorded by Smith, on 
the authority of L. C. Johnson, from Itawamba 
County, Miss., and this is the only locality in 
northeastern Mississippi where they have been 
found, as an extended search in the lignitic 
clays of that coimty failed to reveal any 
identifiable plants. 

GLEN ALLEN, ALA. 

The most northern plant locality known in 
the Alabama area is in a cut along the St. 
Louis-San Francisco Railway about a quarter 
of a mile east of Glen Allen, near the northern 
boundary of Fayette Coimty. (See PL II, A,) 
This locality was discovered by the Geological 
Survey of Alabama about 25 years ago, and ex- 
tensive collections were made here by E. A. 
Smith and L. F. Ward in 1892. These were 
supplemented by collections made by Berry 
and Stephenson in 1909. This locaUty is the 
one erroneously stated by Smith to be in 
Marion County.* The outcrop extends about 
150 yards on both sides of the track and is 
shown diagrammatically in figure 1. An ex- 
amination of material obtained from dug wells 

1 Smith, E. A., Lftngdon, D. W., Jr., and Johnson, L. C, On the 
geology of the Coastal Plaiii of Alabuna, Cretaceous, Tertiary, and post- 
Tertiary formations, p. 331, Alabama Qeol. Survey, 1894. 
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and oear-by exposures shows the leaf-bearing 
stratum to be about 90 feet above the Pale- 
ozoic floor. The beds represent«d bj this 
thickness are predominantly sandy and ex- 
tensively current-bedded. Above a ferru- 
ginous ledge there is a dark, tough plastic clay, 
rather massively bedded at the base and be- 
coming laminated above. This is the leaf- 
bearing horizon, and the best materials were 
collected from the lower half of the member. 
The following 39 species have been recognized: 
Andromeda grandifolia Beny. 

novaecaeBareae Hollick. 

parlatorii Heer. 
Bauhinia marylandica Berry. 
Caasia vaugbaoi Berry. 



LycDpodit«s tuscalooeensis Berry. 
Lycopodium crctaceum Berry. 
Uagnolia lacoeana Le«quereux. 

newberryi Berry. 

specioea Heer. 
Marattia cretacea Velenovsky? 
Myrica dakaC«nBiB miniina Berry. 
MyiBine borealis Heer. 

eaiidini (Leequereux) Berry. 
Persoonia lesquereuxu minor Berry. 
Phylliles pistiaetormiB Beny. 
Fop It li tee tiiscaloofleneis Berry. 
PteroBpenniiea earoiinensifl Berry. 
Salix leBquereuiii TBeny. 
Sapindtis variabilia Berry. 
Sphaerites alabamenais Berry. 
Tricaly cites papyraceua Newberry. 
Widdrin^nitee reichii (Ettingahausen) Heer. 
ZiEyphus lamareoaifl Berry. 



«i 
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This outcrop is between 20 and 25 miles 
directly north of the Shirleys Mill locality and 
is about the same distance above the base of 
the formation as the e,xposiire at Shirlej-s Mill. 
Notwithstanding its proximity and similar 
stratigraphic position, 14 of the 39 species do 
not occur in the larger collections from the 
latter locality. The significant lithologic fea- 
tures of this and near-by sections are the 
coarseness of the sands and their ciirrent 
bedding, the abundance of gravels, pebbles, 
and cobbles, the quartz cobbles being well 



CiDnamomum newberryi Berrj . 
Ciaaitee fonnoeus Heer. 
CocculuH problematicuB Berry. 
CoDoearpitcB formoauB Berry. 
Cordia apiculata (Holliek) Berry. 
Comoph/llum vetuetum Newberry. 
Cycadinocarpus circularis Newberry, 
DioflpyroB primaeva Heer. 

rotundifolia Leaquereux. 
Ficus daphnogenoideB (Heer) Berry. 

krauBiana Heer. 

woolBoni Newberry. 
Ilex raasoni Leequereux. 
Leguminoeitefl iogaefolia Berry. 
LiriodendropeiB simples Newbory. 
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rounded and those of Carboniferous saudstone 
rather angular. The saods, gravels, and 
pebbles are estimated to be about half angular 
chert and half well-rounded quartz, showing 
that Carboniferous elements in the Tuscaloosa 
were not transported rerj far. 

SHIELETS MILL, ALA. 

About 25 miles south of Glen Allen, in the 
southern part of Fayette County, Davis Creek, 
a small branch of Sipsey Kiver, has cut its val- 
ley nearly through the Tuscaloosa mantle. 
The plant-bearing claj^s outcrop along the old 
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underlying Paleozoic floor there is a stratum 
of about 15 feet of brownish, thickly laminated, 
rather pure clay with thin filnm of fine white 
sand, which carries an abundance of leaves, 
the best material coming from the basal 4 or 5 
feet. The leaves are the beet preserved of any 
that I have found in the Tuscaloosa. They 
are not in matted layers but evenly distributed, 
most of them lying flat, with petioles attached 
and the dripping points of the long slender 
leaves unbroken. The prevailing fineness of 
the sediments and the lack of any evidence of 
trituration of the fossils show that the waters 
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Fayette-Tuscaloosa coach road about 10 miles 
southeast of Fayette courthouse, where the road 
dips sharply to Davis Creek bottom, (See PI. 
Ill, A.) This locahty was discovered by the 
Geological Survey of Alabama and collections 
were made from it in 1892 by Smith and Ward. 
A larger amount of better-preserved material 
was obtained by Berry and Stephenson in 1909. 
The section is shown graphically in figure 2. 

Argillaceous materials prodominate through- 
out nearly the entire section, although the 
clays are often sandy. About 20 feet above 
the base of the section and not far above the 



were quiet and that the plants grew near shore. 
The regular vertical distribution and lack of 
closely packed layers indicate no less clearly 
that the loaves were not deciduous, but that 
they dropped one by one throughout the year 
into what was a quiet delta lake or 5lu^;ish 
bayou, whose shores were mantled with a 
varied arborescent flora. In a collecting ex- 
perience in the Coastal Plain Cretaceous ex- 
tending from Long Island to Texas I know of 
no localities as satisfactory as this one. Some 
of the clays of the Middondorf arkose member 
of the Black Creek formation in South Caro- 
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Una carry equally good material, but it is 

neither so abundant nor so varied. I have 

identified the following 98 different species 

from this outcrop: 

Acerates amlroyenBiB Berry. 
Andromeda grandifolia Berry. 

novaecaesareae Hollick. 

parlatorii Heer. 

wardiana Lesquereux. 
Asplenium dickaonianum Heer. 
Bauhinia cretacea Newberry. 

marylandica Berry. 
Brachyphyllum macrocarpum formosum Berry. 
Gapparites cjmophyUoidefl Berry. 

orbiculatuB Berry. 
CarpoliihuB floribundus Newberry. 
Celastrophyllum brittooianum Hollick. 

crenatum ellipticum Berry. 

decurrens Lesquereux. 

grandifolium Newberry. 

gymindaefolium Berry. 

newberryamim Hollick. 

praecraadpes Berry. 

ahirleyensis Berry. 
Cilmamomum newberryi Berry. 
Citrophyllum aligenim (Lesquereux) Berry. 
Colutea obovata Berry. 
Gordia apiculata (Hollick) Berry. 
Grotonophyllum panduraeformis Berry. 
Dammara borealis Heer. 
Dermatophyllitee acutus Heer. 
Dewalquea smithi^Berry. 
Dicksonia groenlandica Heer. 
Dioepyroe amboyenais Berry. 

primaeva Heer. 

rotundifoUa Lesquereux. 
Eorhamnidium cretaceum Berry. 
Eugenia tuscaloosensis Berry. 
Ficus alabamensiB Berry. 

daphnogenoides (Heer) Berry. 

fontainii Berry. 

inaequalifl Lesquereux. 

krausiana Heer. 

shirleyenfiis Berry. 

woolsoni Newbeny. 
Geinitzia formosa Heer. 
Gleichenia delicatula Heer. 
GrewiopsLB formosa Berry. 

tuscaloosenab Berry. 
Hymenaea fayettensis Berry. 
Inga cretacea Lesquereux. 
Juglans arctica Heer. 
Jungermamiites cretaceus Berry. 
Kalmia brittoniana Hollick. 
Laurophyllum nervillosiim Hollick. 
Laurus plutonia Heer. 
Leguminosites ingaefolia Berry. 

omphalobddes Lesquereux. 

shirleyenfiis Berry. 

tuscaloosensis Berry. 

65628*»— 19 2 



LiriodendropsiB angustifolia Newberry. 

constricta Ward. 

simplex Newberry. 
Lycopodites tuscaloosensis Berry. 
Lycopodium cretaceum Berry. 
Magnolia boulayana Lesquereux. 

hollicki Berry. 

lacoeana Lesquereux. 

longipes Newberry. 

obtusata Heer. 

speciosa Heer. 
Malapoenna ^cifolia (Lesquereux) Knowlton 
Menispermitee trilobatis Berry. 
Myrica emarginata Heer. 
Myrsine borealis Heer. 
Nyssa snowiana Lesquereux. 
Oreodaphne shirleyensis Berry. 
Palaeocassia laurinea Lesquereux. 
Panax cretacea Heer. 
Persoonia lesquereuxii Knowlton. 

lesquereuxii minor Berry. 
Phaseolites formus Lesquereux. 
Phyllites shirleyensis Berry. 
Piperites tuscaloosensis Berry. 
Platanus asperaeformis Berry. 

shirleyensis Berry. 
Proteoides conospermafolia Berry. 
Protodammara speciosa Hollick and Jeffrey. 
Pterospermites carolinensis Berry. 
Rhamnus tenax Lesquereux. 
Salix flexuoea Newberry. 

lesquereuxii Berry. 

meekii Newberry. 
Sapindus variabilis Berry. 
Sapotadtes ettingshauseni Berry. 

formosus Berry. 

shirleyensis Berry. 
Sequoia heterophylla Velenovsky. 
Sphaerites alabamensis Berry. 
Tricalycites papynlceus Newberry. 
Widdringtonites reichii (Ettingshausen) Heer. 

subtilis Heer. 

TUSCALOOSA, ALA. 

Following a strictly geographic order there 
are several localities in and inunediately 
around the town of Tuscaloosa to be briefly 
considered. The sections exposed are not ex- 
tensive nor of especial significance and will not 
be discussed. The plants also are few and as a 
rule not especially well preserved. Two of 
these looaUties are on the university grounds 
and one on the site of the hydraidic laboratory, 
from which specimens were collected many 
years ago that bear the labels ^'Bathhouse, 
university groimds." A few plants have also 
been collected by E. A. Smith in a railroad cut 
just east of Tuscaloosa and from the banks of 
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Black Warrior River in the town, A light- 
colored, thinly laminated day with rather well 
preserved leaves of little variety outcrops in a 
ravine leading down to Black Warrior River. 
Fontaine made a collection from this outcrop 
in 1887 and the locality is stated as "Back of 
Menges livery stables near Lynch House," re- 
ferring to two estabUshmonts that have since 
disappeared. An additional locality is a road- 
side outcrop a few miles southwest of Tusca- 
loosa from which Fontaine collected specimens 
in 1887, This locality is referred to in the 
systematic chapter as "southwest of North- 
port," The plants from all of these localities 
are grouped under "Tuscaloosa" in the table 
of tlistribution. 



about 15 or 20 feet above the base of the sec- 
tion and 50 feet or more above the base of the 
formation there is an extensive seam of lignite 
several inches thick, above which is thinly 
laminated clay with more or less glaucontte, 
carrying traces of Sequoia reicJienbachi, a, 
species which, though not positively diagnostic 
of any one horizon, is entirely absent in the 
basal plant-bearing beds at tho localities which 
have furnished the bulk of the Tuscaloosa flora, 
a species which b moreover especially promi- 
nent in the flora of the Eutaw formation. The 
lignite seam is too thin and argiUaceous to 
mark a swamp surface, and sedimentation is 
believed not to have been interrupted. The 
total number of identified species from the 
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tOTTONDALE, AI.A. 

A richly fossiliferous stratum outcrops along 
the public road about 10 miles east of Tusca- 
loosa and 2 miles southeast of Cottondalo. 
This locality is referre<I to as Cottondale in 
the general discussions and in the systematic 
chapter. The materials, which are argil- 
laceous below and arenaceous above, are near 
the base of the formation. Carboniferous 
(Pottsville) sandstones outcrop in the bed of 
a small branch of Hurricane Creek, a short 
distance west of the exposure. The leaf- 
bearing stratum is estimated to be about 
25 feet above this Paleozoic floor. The sec- 
tion is shown diagrammatically in figure 3. 
- The lithology is of considerable interest, as 
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clays at the base of this section is 47, the fol- 
lowing forms being present: 
Andromeda parlatorii Beer. 

Aralia cottondalenflifl Berry. 
Bauhinia cretacea Newberry. 

marylaadica Berry. 
Celaatrophyllum crenatum Heer. 

Brand i folium Newbeiry. 

UDdulaium Newberry. 
Cinnamomuin newberryi Berry, 
t'i trophy Hum aligenim (I^squereiw) Berry. 
Cocculus cinDamomeus ^'eleoovsky? 

polycarpaefoliuB Berry. 
Cordia apiouUta (Hollicfc) Berry, 
Coruophyllum obtusatum Berry. 
Diospyroa primae\-a Heer. 
Eorhamnidium crelaceum Berry. 

platyphylloides (I.*equoreux) Beny, 
Eugeoia tuscalooaeDsifl Berry. 
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Piciu daphoogenoidee (Heer) Berry. 

foDtaioii Berry. 

inaequalis Lesquereux. 

kraueiana He«r. 

woolaoni Newberry. 
Geinitzia formoaa Heer. 
Ilex masoni Lesquereux. 
Juglans arclica Beer. 
Launia pi u Ionia Heer. 
Liriodendron meeldi Heer, 
Magnolia capelliuii Heer. 

longipee Newberry. 

gpecioaa Heer. 
Malapoenna oottoadaleiuia Berry. 

'crelaceafLeaquereux) Koowlton. 
MeiiiBpermitefl inte^folia Berry. 
Myrica emaipnata Heer. 
Uysine gaudini (Leequereux) Berry. 
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numbers 151 species, and although this com- 
biaed list includes many forms which range 
through the entire thickness of the Tusca- 
loosa and into the basal beds of the Eutaw 
it also contains a number of diatinctive fonus 
and as a whole may be coosidered as giving 
a ropresentative picture of the flora which, 
clothed the southern Appalachian land area, 
at the time that Tuscaloosa sedimentation 
b<^an. 

SNOW PLANTATION NEAB TUSCALOOSA, ALA. 

Two outcrops on the Snow plantation on tho 
west bank of Black Warrior River, about & 
miles southwest of Tuscaloosa, have yielded 
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Oreodaphne alabamenaiB Beny. 

Persea valida Hollick. 

Fhaseoliteti formuB Lesquereux. 

Pinus raritaneosia Berry . 

FlatanuH latior (Lesquereux) Knowlton. 

Bhirleyensis Berry, 
PopuluB hyperborea Heer. 

Protophyllocladua subintei^folius (Leequereux) Berry. 
Pterospermites carol in euaia Berry. 
Sallx leequereuxii Berry. 
Saosafraa acutitobum Lesquereux. 
Sequoia reichenbachii (Geinitz) Heer? 

This list and that from Glen Allen and 
Shirleys MUl together contain 131 species of 
the known flora of the Tuscaloosa, which 
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many fossil plants, extensive collections having 
been made from them in 1887 by Fontaine 
and smaller collections by Berry and Stephen- 
son in 1909. These outcrops are referred to 
on the labels as "Upper ravine" and "Big 
gully, Snow place. " Erosion has eaton into 
the upland along the west bank of the river 
and the largest guUy, which shows the following 
noteworthy section, is known locally as Cata- 
mount Bluff. There is an almost sheer drop 
of nearly 100 feet at the head of the gully and 
its top 13 about 300 feet above the bottom 
land of Black Warrior River. The section 
is shown diagrammatically in figure 4. It 
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differs from the other sections reproduced in 
several particulars. The plant remains are 
much macerated, but the bedding throughout 
is principally massive and cross-bedding is not 
prominent. The upper sands carry many 
arkosic grains, and there is much secondary 
gypsum di^eminated through the clays. No 
extensive ferruginous ledges are developed 
and all of the materials are unlithified, but iron 
is abimdant in the form of oxide, sulphide, and 
carbonate. Nodules of the carbonate con- 
taining vegetable matter were found. Fossil 
plants occur throughout the basal 20 feet of 
the exposure, being most plentiful in the basal 
10 feet, where the clays are somewhat lignitic 
and carry globules of amber. Above this 
point there is an interval of about 10 feet in 
which Podozamites leaflets greatly predomi- 
nate, associated with a single gymnosperm 
and two or three species of dicotyledons. At 
this level (20 feet above the base) lies a pyriti- 
ferous day stratum filled with large prostrate 
lignified logs above which the clays become 
more massive and apparently unfossiliferous. 
Twenty-six species have been identified from 
this outcrop and four from the near-by ** upper 
ravine," where they come from tie same 
horizon. These sections are between 300 and 
400 feet above the base of the Tuscaloosa, and 
yet it was the Fontaine coDections from here 
that suggested that the Tuscaloosa was per- 
haps Lower Cretaceous. The only forms sug- 
gesting a Lower Cretaceous age are Abietites 
foliosvs and Sequoia amhigua. The latter 
occurs in both the Eutaw and Magothy for- 
mations and the former is associated at this 
outcrop with Dryopterites 8tephen8<mi, which 
was described from the much younger Ripley 
formation in Georgia. Although 13 or 14 
species of this level are conunon to the basal 
beds, no traces of Ahieiites have been found in 
the latter, either here or at other locaUties. 
Seven of the species survive into the Eutaw 
but these are wide-ranging forms. Among 
them Ficus crassipes tends to synchronize the 
leaf-bearing horizon in this section with the 
post-Raritan of the Middle Atlantic Coastal 
Plain. Combining the species listed from the 
upper ravine with those from the Big GuUy 
we have the following 30 forms from this 
locality: 

Abietitee folioeus (Fontaine) Beny. 
Andromeda grandifolia Beny. 



Andromeda novaecaeeareae Hollick. 
Andromeda parlatorii Heer. 
Calycitee sexpartdtus Berry. 
Oarpolithus tuscaloosensiB Berry. 
Celastrophyllum carolinensiB Berry. 

crenatum Heer. 
Cladophlebifl alabamenais Berry. 
Dammara borealis Heer. 
Dickfionia groenlandica Heer. 
Dryopterites stephensoni Berry. 
Eucalyptus geinitzi (Heer) Heer. 

latifolia Hollick. 
Equisetum? sp. 
Ficus crassipes (Heer) Heer. 

dapbnogenoides (Heer) Berry. 

krausiana Heer. 
Laim>phyllum angustifolium Newberry? 
Myrica emarginata Heer. 
Myraine borealis Heer. 
Podozamitee maiginatus Heer. 
Salix flexuosus Newberry. 

lesquereuxii Berry. 
Sequoia ambigua Heer. 

^bBtigiata (Sternberg) Heer. 

reichenbachi (Geinitz) Heer. 
Tricalycites papyr^ceus Newberry. 
Widdringtonites reichii (Ettingshausen) Heer. 

Bubtilis Heer. 

SANDERS FERRY BLUFF, ALA. 

This notable exposure is formed by the next 
meander of Black Warrior River below the 
preceding section. It is about 2 miles farther 
southwest of Tuscaloosa by air line but of 
course much farther by the river. The section 
is remarkable for its predominantly argillaceous 
character, the only sand seen being at the base, 
where there is about 15 feet of cross-bedded, 
somewhat glauconitic sand. A stratum 38 
feet thick begins about 40 feet above the base 
of the section and is made up of extremely 
compact, thinly laminated clay with partings 
of micaceous glauconitic sand. Near the mid- 
dle of the stratum there is an abundance of 
disseminated needles of gypsum which I regard 
as primary, and toward the top leaves with 
their cuticles preserved are conmion. The 
following five species have been identified: 
Acerates arnboyensis Berry, Ficus crassipes 
(Heer) Heer, Ficus hrausiana Heer, Salix 
fiexwosa Newberry, and Salix lesguereuxii Berry. 
All but the first of these also occur in the out- 
crops on the Snow plantation. 

Above the fossUiferous stratum there is about 
50 feet of massively bedded unfossiliferous clay. 
The section is shown diagrammatically in 
figure 5. 
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WHITES BLtTTT, ALA. 



Whitee Bluff is in the northeastern part of 
Greene County, on the right hank of Black 
Warrior River, 309 miles above Mohile. 



able horizontally, the only persistent stratum 
being the 27 feet of blotched sandy, massive clay 
at the base. (See PI. II, B, p. 14.) ThefoUow- 
ing plan tshave been identified fromthisoutcrop: 
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The outcrop is very near the top of the 
Tuscaloosa and fortunately it carries fossil 
plants, although they are neither abundant 
nor varied. The section ia shown diagram- 
matically in figure 6. The materials are vari- 



Bmchyphyllimi macrocarpum formosum Beny. 

Dewoiquea smithi Beny. 
Salix flexuosa Newberry. 
Sequoia heterophytla Velenovsky. 
reicbenbachi (Geinitz) Heer. 
WiddriugtoaiUfl reichii (EttingBhauseu) Heer. 
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AU these plants occur in the basal part of the 
Tuscaloosa and all except Sequoia htterophyUa 
and Wi^ringtonitea reicMi are common in the 
overlying Euta^r. The most remarkable fonn 
is the abundant Dewalquea smiiM, which occurs 
also in the Middendorf arkose member of the 
Black Creek formation of South Carolina, 

None of these plants can be regarded as dia- 
tinctlv Eutaw species, and they serve to em- 
phasize the fact that the flora shows but slight 
changes from the base to the top of the Tus- 
caloosa. 



The flora is thus about as well represented 
as that of the Karitan formation or the Magothy 
formation, with both of which it agrees in its 
general facies and the types of plants repre- 
sented. The Tuscaloosa flora therefore pre- 
sents nothing especially new, the forms repre- 
sonted being just such types as in general might 
be expected to occur in a flora of this age. 
There are some new forms that may reflect its 
more southern position, but I imagine these 
are really explained by the more careful com- 
parisons instituted with the existing flora of 
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tropical and subtropical America and fortified 
by a prolonged study of the subtropical floras 
of our Gulf Tertiary. 

The 151 described species from the Tusca- 
loosa formation represent 87 genera, of which 
the following are not represented in existing 
floras: Sphaerites, JmigermannUes, Lycopodites, 
CladopTih'his, Dryoptfrites, Podozamiies, Cyeadi- 
nocarpus, Cephalotaxospervium, Protophyttocla- 
dus, BrachyphyUum, Protodammara, GeinHzta, 
Androi'ettia, AbietUfs, Widdrin^onites , CyperOr 
cites, SahaliUs, Piperites, Populites, Pro- 
teoides, DewaJquea, MenispermiUs, Laurophyl- 
lum, Capparites, Palaeocassia, Phaseoliiee, Lwv>- 



The Tuscaloosa flora as described in the sys- 
tematic chapter embraces 151 species. The 
present treatment is conson^ativo, as a con- 
siderable number of additional forms repre- 
sented in the collections by incomploto ma- 
terial have been left uncharacterized. Un- 
identifiable seeds representing about a score 
of forma are also in the collections. Later, 
when the area in which the Tuscaloosa out- 
crops shall have been examined in detail, 
doubtless many new forms will be brought to 
light. 
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dendropsis, LeguminosUes, CUrophyUum, Cro- 
iorwphyUum, Manihotitea, CdastrophyUumj Cis- 
siteSf EorhamniiiuTny GretviopsiSj Pteroaper- 
miteSf OonooarpiUs, ComophyUumj Dermato- 
pTiyUUes, SapotacUeSj Tricalycvtes, CdtycUeSy 
OarpolithuSf and PhyUites. 

Thus 44 genera, or about half of the entire 
number described, are not represented, but it 
should be remembered that many of these are 
form genera, like LawrophyUumj Capparites, 
and LegumiriosUes, that reflect our ignorance 
of the exact affinities of the plants discussed. 
All the species are of course extinct, none 
surviving in the abundant lower Eocene floras 
of the Mississippi embayment^ Many of the 
genera, however, are represented in the Ek)cene, 
the striking difference, in addition to the great 
modernization of the Eocene forms, being the 
dropping out of the Mesozoic gynmospermous 
types like Andravettiay AbietUeSj Brachyphyl- 
lum, ProtophyUodadus, WiddringUmieSy Podo- 
zamiieSj ProU)dammara, and Geinitzia. 

The 87 genera represented are segregated 
into 48 families in 31 orders, the most abundant 
orders' being the Ranales with 16 species, the 
Rosales with' 15, the Sapindales with 15, the 
Coniferales with 14, and the Urticales with 8. 
The largest single genera are CelastrophyUum 
with 12 species. Magnolia with 8, and Picas 
with 8. The additional genera that are repre- 
sented by more than 2 species are Myrica^ 
Salix, Cocculus, Malapoenna, Bauhiniaj Lirio- 
dendropsis, Diospyros, and SapotacUes with 3 
each, and Sequoia, Leguminosiies, and Andro^ 
meda with 4 each. 

In common with most Upper Cretaceous 
and later floras the bulk of the flora is made up 
of seed plants (Spermatophyta) and a large 
majority of these are dicotyledonous angio- 
sperms. 

The three numerically great modem phyla, 
the Thallophyta, Bryophyta,and Pteridophyta, 
are represented by only 11 recognizable forms, 
the first by a single species of leaf-spot fimgus, 
the second by an inconclusively identified 
foUose Uverwort, and the third by a single 
fragment of an Equisetum, two lycopodiaceous 
species, and six species of ferns. The Pteri- 
dophyta, which are so abundant in earlier 
floras, constituting about 30 per cent of 
the whole flora of the Potomac group of 
the Atlantic Coastal Plain, had dwin- 
dled to a meager 4 per cent in the Tusca- 



loosa flora, although they are somewhat more 
abundant in the nearly contemporaneous flora 
of the Atane beds of West Greenland, where 
they constitute 11 per cent of the known flora. 
Three species are referred to the family Poly- 
podiaceae, a doubtfully determined Marattiaf 
a Dicksonia, and a Gleichenia first recorded in 
the Lower Cretaceous of Greenland. If this 
Gleichenia originated in Greenland it must 
have covered more than 3,000 miles between 
the Nugsuak Peninsula (West Greenland) and 
Alabama in the interval between the Barremian 
and the Cenomanian, a period represented by 
the Aptian and Albian stages of European 
geology, during which this widespread species 
also reached Bohemia in Central Europe. 
Asplenium dicksonianum Heer and the two 
coniferous species, Sequoia amhigua and Sequoia 
reicThenlnuMi, have a Uke distribution, but the 
Sequoias are both present in the Lower Creta- 
ceous floras of Maryland and Vii^ginia. The 
Gleicheniaceae are more abundant in most of 
the Upper Cretaceous floras than they are in 
the Tuscaloosa and still survive in tropical 
America. 

Cycad-like plants, so abundant in Lower 
Cretaceous and older Mesozoic floras, are 
represented by a single species of Podozamites, 
on the assumption that Podoza/mites is really 
cycadaceous — an assumption questioned by 
many students. It is individually very abun- 
dant at the two localities in the Tuscaloosa 
where it has been found, and is another type 
whose range extends northward to Greenland. 
A second cycadaceous type is represented by the 
fruits referred to Cycadin^ocarpus, which are of 
rare occurrence in the Tuscaloosa deposits. Six 
species of Cycadophytes have been recorded 
from the Raritan formation of New Jersey. 

The Coniferales of the Tuscaloosa flora are 
of exceptional interest, although they are 
represented by only 14 species as against 16 
in the Raritan flora of New Jersey. Thoy 
include modem types of Pinus, Damnnara, and 
Sequoia^ and the curious extinct phylloclad type 
Androvettia, as well as ProtopTiyUodadus, Bra- 
chypTiyUum, Protodammara, and Geinitzia. A 
species of Abiedtes survives from the Lower 
Cretaceous and represents an early abietin- 
eous form with a lai^e and indeterminate num- 
ber of leaves in each fasicle. Two species of 
Widdrin,gtonites are abundant, one being repre- 
sented by characteristic fruits. They are wide- 



24 UPPER CRETACEOUS FLORAS IN TENNESSEE, MISSISSIPPI, ALABAMA, AND GEORGIA. 



ranging, almost cosmopolitan types in the 
earlier part of the Upper Cretaceous. The 
genus Moriconia, so characteristic and abun- 
dant in the Upper Cretaceous floras of the 
Atlantic Coastal Plain from Marthas Vineyard 
to South Carolina and found also in Greenland 
and western Europe at this time, is conspicu- 
ously absent in the Tuscaloosa flora. 

Only three of the Coniferales appear to have 
survived into the overlying Eutaw deposits 
and these are all wide-ranging and persistent 
forms. 

The angiosperms constitute the major part of 
the Tuscaloosa flora in common with all 
known Upper Cretaceous floras. It may be 
noted that the monocotyledons are repre- 
sented by a single fragmentary and rare grass- 
like form referred to the form genus Cypera- 
dies. There are many excellent reasons for 
the derivation of the monocotyledons from the 
dicotyledons, but on account of the scarcity of 
monocotyledons in fossil floras httle light is 
thrown on the subject by paleobotanic studies. 
This scarcity of monocotyledons is largely 
due to the fact that the lack of differentia- 
tion of their foliage into lamina and petiole pre- 
cludes the regular shedding of their leaves, which 
therefore hang on and are flayed by the wind 
until they become almost unrecognizable. 
This fact is well illustrated by their unim- 
portant place in the subtropical floras of the 
early Tertiary in the Gulf region, where 
they must have been abundant but are only 
represented by forms like the pahns and 
cannas, in which the leaves are differentiated 
into blade and stalk, and even the coriaceous- 
leafed palms are commonly represented by 
deposits packed with masses of frayed and 
detached rays. 

The Dicotyledonae of the Tuscaloosa number 
123 species, well distributed among 34 still ex- 
isting families in 21 still existing orders. As 
might be expected, 107 of the dicotyledonous 
plants belong to the division Choripetalae and 
only 16 are referred to the essentially later and 
more specialized Gamopetalae. Of the forms 
referred to the Choripetalae 24 belong to the 
more or less artificial group of Apetalae and 
77 to the Polypetalae. Ten species are referred 
to the so-called amentiferous f amiUes. 

The order Banales, which includes 15 species, 
has one supposed species of Ranunculaceae 
referred to the genus Dewalquea, This species 



is represented in abundance by satisfactory 
remains and constitutes a curious type which 
appeared with apparent suddenness in the 
Atane beds of Greenland, the Raritan forma^ 
tion of New Jersey, the Tuscaloosa formation 
of Alabama, and the Cenomanian of Bohemia, 
survived in some of these areas through the 
remainder of the Upper Cretaceous, and was 
last seen in the Paleocene of western Europe. 

The Ranales include 9 species of Magnoli- 
aceae, perhaps unduly enlarged by a too great 
differentiation of the leaves referred to Mctgno^ 
lia, and 5 species of Menispermaceae. 

The prominence of the orders Rosales and 
Sapindales is explained largely by the fact that 
so many of their species are coastal types, which 
stand a much better chance of preservation 
than do forms of other habitats. In many ways 
the most interesting plants in the order Rosales 
are the striking new species of Hymenaea and 
the two diverse species of Bavhinia, a genus 
which in the existing flora is an inhabitant of the 
Tropics. Its curious bilobate, butterfly-like 
leaves are very characteristic in both their out- 
line and venation and could scarcely be confused 
with any other type. The large Tuscaloosa form 
occurs also in the Raritan formation of New 
Jersey and the small form is foimd in the Ma- 
gothy formation of Maryland. Three species of 
Liriodendropsis are referred to the family Pa- 
piUonaceae. The chief genus of the Sapindales, 
as these forms are usually interpreted, is Celas^ 
trophyUuTfiy which has 13 forms in the Tusca- 
loosa flora. CelastrophyUum makes a remarka- 
ble display in the late Lower Cretaceous (Pa- 
tapsco formation) of the Atlantic Coastal Plain, 
and the Tuscaloosa shares with the Raritan and 
Dakota in an abundant and varied display of 
forms, not one of which is known to survive in 
the overlying Eutaw deposits. Similarly none 
are found in the deposits of the Montana group 
in the Rocky Moimtain province, but two or 
three survive Raritan time and occur in the 
Magothy formation of the New Jersey-Mary- 
land area and in the Black Creek formation of 
the Carolinas. 

The order Urticales has 8 species, all referred 
to the genus Ficus of the family Moraceae, and 
most of them are very abundant individually. 
Both the palmate and pinnately veined types 
are represented, most of the species being 
widely distributed and largely coastal forms, 
which, combined with the coriaceous nature of 
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the leaves of many of the species^ explams their 
abundance in all fossil floras that flourished 
where the climate wa^ not intolerant. 

The order Proteales, no longer represented in 
North America and largely antipodean in the 
existing flora, is represented by a species of 
Proteoides and two species of Persoonia. It is 
thus somewhat less prominent than in most 
Upper Cretaceous floras. 

The remaining elements in the flora need not 
be enumerated in the present connection, as 
they would contribute nothing of especial sig- 
nificance to the discussion. 

The origin of this flora, particularly of its 
large dicotyledonous element, is one of sur- 
passing interest to both the geologist and bot- 
anist. The place and manner of evolution of 
this type of plant, which so quickly replaced 
all others in the struggle for possession of the 
soil, are still uncertain. They appear with ap- 
parent suddenness at the close of the Lower 
Cretaceous in America, Europe, and the Arctic 
region. Like so many other plant and animal 
types, they must have had a long antecedent 
period of evolution, extending back, perhaps, 
well into the Jurassic. The fact that so many of 
them, and a number of them forms of identical 
species, are first recorded at about the same 
time in Greenland, North America, and Eu- 
rope is capable of several interpretations. The 
late Lower and early Upper Cretaceous floras 
of Asia are practically imknown, and it is 
quite possible that Asia was the theater of their 
evolution, from which continent they may have 
spread eastward into North America and west- 
ward into Europe. It seems to be established 
that they were more abundant in America than 
in Europe during the earlier recorded stages of 
their history, and there are quite a number of 
forms whose appearance in North America 
seems to have preceded their appearance in 
Europe by an appreciable though slight time in- 
terval. This suggests that North America was 
nearer their center of radiation. I do not regard 
the Southern Hemisphere as at all likely to have 
been their original home. I have plotted the 
Mesozoic and Cenozoic distribution of a large 
nimiber of the genera, and there is always a 
consistent progressive southward migration. 

Theoretically the eastern part of North 
Ameriqa, during the long interval of emergence 



and erosion covered by the Jurassic period, 
offers many potentiiJ possibilities. North 
America may have been the original home of 
the Mesozoic and Cenozoic floras, but this is 
not ^bstantiated by the records, and our rec- 
ords of the Mesozoic land flora are far more 
representative and complete at the present 
time than those of any other country. At 
present there is absolutely no evidence of their 
having originated in the European area. A 
remaining alternative is that of regarding the 
Arctic area as the scene of their evolution and 
dispersal. This theme has been dwelt upon 
by more than one student of both floras and 
terrestrial faunas. The facts available, though 
suggestive, are not conclusive, but thus far 
they are more in accord with the theory of 
Arctic origin than with any others, so that at 
least tentatively we may picture successive 
waves of migration sweeping southward from 
the North Polar region during the late 
Lower and early Upper Cretaceous. The Upper 
Cretaceous floras indicate somewhat cooler 
climatic conditions than those of the Lower 
Cretaceous, and these conditions may have 
been a prominent factor in causing such 
migrations. 

These floras show but slight evidence of 
rapid generic evolution during the Upper Cre- 
taceous, although specific evolution seems to 
have been accentuated at times. The records, 
however, fail to show any large number of syn- 
thetic types, most of the generic types being 
well differentiated from the beginning of the 
record down to the present time. A more or 
less well defined change in f acies separates the 
Cenomanian from the Turonian and Senonian 
floras, but this change seems to be largely a 
reflection of migrations which are but Uttle 
imderstood and which are due to changes in 
habitat and climate rather than to evolution- 
ary processes. The principal types were chiefly 
long lived and wide ranging, and there are 
many single forms which are found from West 
Greenland to Alabama and extend chrono- 
logically from the base of the Raritan through 
the Tuscaloosa into the basal beds of the Eu- 
taw. The first appearance of some of these 
types in the upper part of the Lower Cre- 
taceous suggests a longer time interval, but 
they are too few to be relatively significant. 



Any attempt to reconstruct the details of 
the physical conditions under which the Tus- 
caloosa flora flourished is beset with the great- 
est uncertainties. The flora is not only too 
remote from the present time for accurate com- 
parisons, but exact knowledge of the finer re- 
actions of recent plants to their onviroiiraont 
is lacking, and most of the current ideas on this 
subject are largely empirical. In all but des- 
ert areas the interrelation of diverse factors is 
almost infinitely complex. 

Some general statements, however, can be 
deduced, and from a study of the sediments 
and the present topography of this and ad- 
joining areas we can get a more or less accu- 
rate even if faint picture of the phj-sical 
geography of the Tuscaloosa time. 

During the enormous interval of time rep- 
resented in other parts of the world by 
marine sediments of Pennsylvanian, Permian, 
Triaaaic, Jurassic, and Lower Cretaceous age 
the southern Appalachian region was above 
sea level. Fhysiographically the southern half 
of this region is segregat€d at the present time 
into the Piedmont Plateau, the Appalachian 
Mountains (which die out in northwestern 
Geoi^a), the Appalachian Valley, the Cum- 
berland Plateau, and the Interior Lowlands. 
Its area south of Ohio River is over 160,000 
square miles and the actual area of this land 
mass during the interval from the Carboniferous 
to the Upper Cretaceous must have been very 
much greater than this, for nowhere along the 
mai^ns of this massif have marine sediments 
of these ages been deposited near enough to its 
present limits to be reached by deep borings 
Dear the margin of the present Coastal Plain. 

The region of the southern Appalachians 
has long interested ph\'siographers. Hayes 
'"" Campbell, the chief contributors,' have 
^zed three baae-levels or peneplains, 
b they term in the order of their age the 
berland, the Highland Rim, and the 
a. They consider that the original Ten- 
ia River, which they term Appalachian 
r, flowed southwestward by way of the 
y of CoosB River throughout the Upper 
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Cretaceous and the major portion of the Ter- 
tiary until it was diverted by stream capture 
due to the working hack across Walden Ridge 
of a stream in the Sequatchie Valley to the 
west of that ridge. This s[>ectacular river 
capture has been disputed by Johnson,' who, 
it seems to me, conclusively demonstrates that 
the present course of Tennessee River across 
Walden Ridge in a winding goi^ is imposed 
from meanders inherited from the period of 
earhest complete base-leveling in this area, 
namely, from the Cumberland peneplain. 

The character of the Upper Cretaceous sedi- 
ments of the eastern Gulf area throws con- 
siderable light on the physical history which 
has interested me chiefiy in connection with 
the interpretation, in terms of geolo^c history, 
of the extensive fossil floras that have been 
found in the earliest Upper Cretaceous or 
Tuscaloosa formation of this r^on. 

The Tuscaloosa formation in the area around 
Tuscaloosa, Ala., and for some distance to the 
northwest consists of a great thickness of pre- 
dominantly sandy materials which give the 
country its present broken topography. These 
sands are generally light in color, cross-bedded 
and micaceous; in some places there are traces 
of glauconitic layers. There are heavy beds 
of gravel made up of well-rounded quartz and 
subangulsr chert pebbles in about equal pro- 
portions in places, especially toward the land- 
ward margin of the deposits and northward 
along the strike. In disconnected and inter- 
bedded lenses there is a considerable amount 
of argillaceous material — locally massive or 
heavy bedded hut generally laminated. Thin 
seams of lignite are present at various levels, 
but these are generally only a few inches or 
less in thickness. The clays are commonly 
oxidized and mottled in color, but they are as 
commonly very carbonaceous and dark in 
color. In some sections, as in the section in 
the Big Gully southwest of the town of Tusca- 
loosa, there are layers filled with prostrate logs 
of trees of large size. Pyrite and ferruginous 
oxide, forming locally indurated sandstones 
and gravels, are generally distributed, and 
finely disseminated crystals of gypsum are 
very common. 

No fossils other than the remains of land 
plants have been found in the Tuscaloosa 

jry ol the Tenneraee River: Joor. 



«a, C. W., and Campbell, M. R., The geonior|AoloKy of the 
II AppalBchluu: NbI. Gwg. ifag.. vol. (1, pp. 63-128, 1894. 
C. W,, The phrslotjraphy of Ihe Chettanoogiv district: U. S. 
iTvg; NineMcDlli Ann. Rept., pt. 3, pp. 1-S8, ISM. 
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deposits. Usually the plant remains are much 
macerated and broken by water transportation 
and deposited in films of broken fragments in 
the laminated beds. Drift logs are conmion, 
and these occasionally brought down cobbles 
embedded in their roots, as is shown by speci- 
mens of lignitized tree roots that have been 
collected. There appear to have been areas 
of quiet waters at certain locaUties where the 
leaf remains in the clays are abundant and in 
a state of preservation indicating that they 
grew in the inmiediate vicinity. 

The outcrop of the Tuscaloosa formation, as 
shown in the 
sketch map (fig. 
7), is roughly lu- 
nate in outline 
with the south- 
eastern horn ter- 
minating near 
Montgomery, 
Ala., and the 
other extending 
as an attenuated 
band across west- 
er n Tennessee. 
As shown in the 
sketch map, the 
greatest width of 
outcrop coin- 
cides with the 
maximum thick- 
ness of sediments 
in a belt about 
125 miles in 
length which is 
at right angles to 
the axis of the 
Appalachian land 
mass. Toward the north the deposits become 
thinner, are prevailingly gravels, and are 
shown by the fossil plants to be somewhat 
younger than the main body of the deposits. 

The delta-like character of the Tuscaloosa 
deposits, with their gravels and compoimd 
oblique cross-bedded sands, their local traces 
of glauconite, and their abundance of drift- 
wood, can not fail to be noticed. We are now 
fairly familiar with the main features of delta 
deposits in diflFerent parts of the world,* and 

1 Credner, G. R., Die Deltas: Petennanns Mitt., Erg^zungsheft 56, 
pp. 1-74, pi. 3, 1878. 




FiouRB 7.— Sketch map showing the Tuscaloosa drainage and its subsequent history. 



Grabau^ and Barrell' have recently made 
considerable contributions toward the interpre- 
tation of Paleozoic delta deposits. In the Tus- 
caloosa region no sediments later than the Potts- 
ville wore laid down until the deposition of the 
Tuscaloosa in the earlier UpperCretaceous. This 
long interval resulted in the nearly complete 
base-level known as the Cumberland peneplain. 
There must have been some regional uplift or 
warping at the beginning of Tuscaloosa time 
to account for the sudden augmentation in 
river action and the beginning of the lai^e 
delta or series of deltas along the southwestern 

margin of the 
land mass. There 
is no evidence in 
the sediments 
that an Appa- 
lachian river 
flowed south- 
westward 
through the 
Coosa Valley. 
Such a river 
would h ave 
brought the bulk 
of the sediments 
farther eastward 
than the r^on 
where they now 
occur. Though I 
regard Johnson's 
evidence * as 
conclusive for 
the course of 
Tennessee River 
across Walden 
Ridge, I can not 
help believing 
that the Cretaceous ancestor of this stream at 
the beginning of Tuscaloosa time, instead of 
making the sharp turn to the northwest at Gim- 
tersville, Ala., which it does at present, contin- 
ued southwestward down either Brown or Big 
Spring valleys and reached the sea through 
either Mulberry or Locust Fork of Black War- 
rior River. This, however, is not an essential 
part of my argument for the delta character of 
the Tuscaloosa formation, for there was obvi- 

> Grabou, A. W., Early Paleosoic delta deposits of North America: 
Oeol. Soc. America Bull., vol. 24, pp. 399-528, 1913. 
» Barrel], Joseph, Geol. Soc. America Bull., vol. 23, pp. 377-446, 1912. 
i Johnson, D. W., op. dt. 
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ously at that time a stream or a series of streams 
draining to the southwest and engaged in re- 
moving the d6bris of the long-weathered land 
mass. 

I do not ignore the fact that some of the 
Tuscaloosa deposits are subaerial and that 
originally the delta deposits probably con- 
tinued inland up the valley or valleys for con- 
siderable distances as continental deposits of 
channels, flood plains, and lakes. The ante- 
cedent meanders of the present streams give 
clear evidence of conditions that prevailed on 
the Cumberland peneplain that were suitable 
for the formation of oxbow lakes. There must 
have been quiet waters in the delta itself in 
certain bayous or possibly lakes like Lakes 
Salvador, Pontchartrain, and Borgne of the 
present Mississippi Delta region. Certainly the 
leaf-bearing clays near Glen Allen and Shir- 
leys Mill, in Fayette County, Ala., were formed 
in such quiet bodies of water with densely 
wooded shores. 



that is, southwest of the axis of the Appa- 
lachian land mass. In this area the Selma 
chalk continues upward to the. Eocene contact. 
Its outcrop, as shown in the sketch map (fig. 7), 
is almost perfectly lunate, and at its horns both 
to the east and the north it passes over inU> 
sands. The Selma, as shown by its abundance 
of Ostracea and other Mollusca, is a shallow- 
water deposit. So far as my observation goes, 
it is, entirely destitute of driftwood, lignite, or 
any considerable sandy beds in the area of its 
greatest thickness, and I wish to make clear 
that the southwestern drainage, which explains 
the character of the Tuscaloosa sediments, must 
have been reduced to a minimum or become 
practically nonexistent before the deposition of 
the Selma chalk. The prevailing direction of 
the drainage during Selma time must have been 
to the southeast and northwest in order to ac- 
count for the Ripley sands in those regions and 
the absence of any except the finest terrigenous 
materials in the main body of the Selma chalk. 
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Lower Cretaccoua 
Figure 8.— Hypothetical section illtistrating the interrelationship of the Upper Cretaceous types of sedimentation from Tuscaloosa to lower Selma. 



The relations of the Tuscaloosa formation 
emphasize its delta character. (See figs. 7, 8.) 

The Tuscaloosa sands grade seaward into the 
glauconitic sands and thinly laminated clays 
of the Eutaw formation, which contains a 
sparing representation of the marine life of the 
time and which must have been in part at least 
contemporaneous with the Tuscaloosa. A few 
plants in the near-shore transgressing phase 
have been collected from the vicinity of 
Havana, Hale County, Ala. The upper Eutaw, 
or Tombigbee sand member, I regard as a 
transgressing deposit, and in conformity with 
this interpretation it contains a much better 
marine fauna than the earlier Eutaw deposits. 
Overlying the Eutaw formation is the Selma 
chalk — an argillaceous limestone or calcare- 
ous clay, which reaches its maximum thickness 
in the same region as the Tuscaloosa sands — 



Inferentially, if the Cretaceous Tennessee 
River was a factor in the building of the Tus- 
caloosa Delta, local warping must have broken 
its continuity with the Black Warrior drain- 
age and started it toward the northwest before 
the deposition of the Selma chalk. It is pos- 
sible that this may have been accomplished 
without local warping by the simple clogging 
of its distributaries as a result of their own 
loads combined with decreased run-off. This 
set of factors, combined with the westward 
tilting that resulted in the Ripley Cretaceous 
and Midway Eocene seas penetrating up the 
Mississippi Valley as far as southern Illinois, is 
suflBcient to account for such a change in 
course. This change in the direction of the 
drainage may be compared to the shifting of 
the present Mississippi Delta toward the east 
by marine currents. 
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The remnants of heavy gravels of Tuscaloosa 
age that have been traced by Wade^ across 
Tennessee and into Kentucky appear to. repre- 
sent the gradual migration or shifting north- 
ward of such a stream. That the western 
Highland Rim of Tennessee has resulted from 
A middle or late Tertiary planation of pre- 
vailingly siliceous rocks by Tennessee River in 
its lower northward course is probably true, 
but the discussion of this feature hardly falls 
within the scope of this paper. 

A feature that makes the Tuscaloosa flora of 
especial interest is the fact that the plants 
whose fragmentary remains are preserved in 
the clays of the Tuscaloosa formation grew on 
soils derived from Paleozoic sediments, and 
that all of the heretofore known Cretaceous 
floras of the Coastal Plain grew on soils of the 
Piedmont type, which were derived from igne- 
ous or highly metamorphosed rocks, the only 
possible' exception being the Raritan flora of 
New Jersey, which is in deposits resting directly 
upon the Triassic sandstones and shales. How- 
ever, even the Raritan materials show no ap- 
parent evidence that these rocks contributed 
to the Raritan sediments, and the theory has 
been advanced that the only emerged Triassic 
rocks in Raritan time in the area of their de- 
velopment were diabase and basalt. 

Plant geographers have long noticed the 
•differences in the vegetation of areas of calca- 
reous rocks and those of basic igneous rocks, 
but the laws governing these differences seem 
to be as yet imformulated. I can see nothing 
in the facies of the Tuscaloosa flora that can 
be attributed to the character of the soil. The 
flora is essentially the same familiar early 
Upper Cretiaceous flora that is found in the late 
Raritan and in the Magothy formation from 
Marthas Vineyard to Potomac River, and that 
reappears in the earlier beds of the Black 
Creek formation in the Carolinas and in the 
Woodbine sand of Texas. Its essential ele- 
ments are present in West Greenland and in 
Europe at Niederschoena, Saxony, in Bohemia, 
or wherever floras of this age have been 
preserved. 

In general, the flora is of a lowland coastal type. 
The only plant, judging from its occurrence 
and condition of preservation, that may have 
come from a region removed from the coast is 
Androvettia carolinensis. I doubt very much 

> Wade, B., Jotma Hopkins Univ. Circ., March, 1917, pp. 102-106. 



if there remained at that time any considerable 
area of greatly elevated land in the southern 
Appalachian province. A number of the Tus- 
caloosa plants, judging by their modem rela- 
tives, were distinctly strand types. To this 
class probably belonged the myricas, the figs, 
and several of the Lauraceae, Leguminosae, 
and Celastraceae. The Sapindaceae and Rham- 
naceae are also in general strand types. This 
seems to have been especially true of the genus 
Eorliamnidium, which clearly shows, not only 
in the Tuscaloosa flora but in the succeeding 
Tertiary, that its habits of growth are com- 
parable with those of the monotypic existing 
genus Krugeodendron of the American tropical 
strand flora. The members of the Myrtales 
also were probably dwellers in the dry or wet 
strand, as are so many modem species of 
Eugenia and Myrda. The supposed Ericaceae 
were probably strand types, and the Sapota- 
ceae almost certainly were, as weU as the genus 
ConocarpUes. 

With regard to the elements that made up 
the Tuscaloosa climate the data are not exact. 
It would seem from the coarseness of the sedi- 
ments that the run-off was great. Many of 
the plants demand a heavy rainfall. This is 
also indicated by the development of the so- 
called dripping points in many unrelated Mora- 
ceae, Lauraceae, L^iuninosae, Sapindaceae, 
and Ericaceae ?. Several of these forms range 
northward to Greenland, and they become 
much more elongated and acuminate toward 
the southern limit of their range. Finally the 
mingling of types whoso descendants char- 
acterize tropical and temperate climes is only 
paralleled by a similar mingling in those 
modem arete known as warm-temperate rain 
forests. Such areas as southern Japan or 
northern New Zealand offer many points of 
comparison with the Upper Cretaceous floras 
of the Coastal Plain, as I have insisted in 
several previous publications. With regard to 
actual temperatures during Tuscaloosa time, 
specific data can not be expected. The climate, 
to judge by modem standards, appears to have 
been cooler than that of the Lower Cretaceous. 
However, it should be remembered that the 
numerous cycadophytes and tree ferns of the 
Lower Cretaceous were the dominant types of 
the older Mesozoic, with a cosmopolitan range 
which, from numerous analogies, would be 
expected to have become adapted to a wide 
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range of physical conditions. The flora of the 
Tuscaloosa is certainly less clearly indicative 
of tropical conditions than are some of our 
southern Tertiary floras. Among the Tus- 
caloosa plants whose modem representatives 
are strictly subtropical types I might mention 
the genera Gleichemay PiperUes, Cocculus, Oreo- 
daphney Capparites, Inga, BauTiinia, OUropTiyl- 
lum, CrcionopliyUum, SapinduSy Grewiopsis, Zizy- 
phu8, Eorliamnidium, Pt eras permit es, Eugenia^ 
ChnocarpiteSy Myrsinej SapotacUes, and Cordia. 

One feature that stands out very clearly is 
the manner in which this Upper Cretaceous 
flora preserves its integrity when traced north- 
ward. A comparison between the flora of 
Alabama and New Jersey shows but slight 
differences, and none which can be directly 
correlated with cUmatic conditions. Even 
when comparisons are made with such remote 
northern regions as Disko Island, in latitude 
70*^ N., similar results are obtained, the dif- 
ference of 38*^ of latitude being apparently 
of slight importance, the extreme northern 
area being much richer in fems and cycado- 
phytes than the extreme southern area and 
including such strictly tropical forms of the 
modem flora as ArtocarpuSj which is represented 
by both characteristic leaves and fruit in 
Greenland. 

These considerations lead to the conclusion 
that Upper Cretaceous cUmate during Tusca- 
loosa time was much more uniform both 
secularly and seasonally over wide areas and 
was very different in this respect from modem 
climates. A consideration of all ancient cli- 
mates based on floras and marine faunas of all 
ages unmistakably points to the conclusion that 
existing climates are exceptional, and that 
during the long history of the globe the rule has 
been one of comparatively imiform climatic 
conditions from the Equator to the Poles, 
with a lack of marked differentiation into sea- 
sons. At times of maximum land emergence 
chmatic conditions have become diversified and 
more or less extensive glaciations have resulted, 
but these periods form a very small fraction of 
the total geologic time. 

In conclusion it may be postulated that the 
Tuscaloosa flora occupied a low coastal land of 
rather uniform topography — a land favored 
with an abundant and well-distributed rainfall, 
with equable temperatures within the hmits 
embraced between warm temperate and sub- 
tropical, and with slight seasonal changes. 



EUTAW FORMATION. 
HISTOBICAL SKETCH. 

The name Eutaw was proposed by Dr. E. W. 
Hilgard * in 1860 for deposits in northeastern 
Mississippi described as '^ bluish-black or red- 
dish laminated clays, often lignitic, alternating 
with and usually overlaid by noneffervescent 
sand, mostly (though not always) poor in 
mica, and of a gray or yellow tint." The name 
was chosen because these beds were first 
studied and recognized as of Cretaceous age 
by Tuomey ' near Eutaw, Ala., where they are 
typically developed. 

Smith and Johnson,* in their study of the 
Alabama Coastal Plain, adopted the term 
Eutaw and extended its upper limits to include 
the Tombigbee sand of Hilgard, differentiating 
the Tuscaloosa below, the Mississippi repre- 
sentative of the Tuscaloosa being included in 
the Eutaw as the term was used by Hilgard. 
It is not worth while in a study of the floras to 
go into the details of the history of the study 
of these deposits but merely to state that the 
recent areal and faunal studies of L. W. Steph- 
enson have shown that the Eutaw is repre- 
sented in western Tennessee by the Coffee sands 
of Safford, as Glenn* announced in 1906. The 
history of the study of the flora of the Eutaw 
formation can be summed up in a single brief 
paragraph, for though different students men- 
tion hgnite in the formation the only reference 
to leaf impressions is a hne in Langdon's gen- 
eral section of Chattahoochee River, where, in 
referring to the outcrop at Chimney Bluff, he 
mentions, *' Yellow sands and gray clay, con- 
taining bits of leaves.'' ' The plant locality 
near Havana, in Hale County, Ala., was dis- 
covered by Prouty and Stephenson in 1908 
and a small collection was made. This repre- 
sents the only collection of the Eutaw flora 
prior to the present study, which is based on 
collections made by me in company with 
Stephenson in 1909, supplemented by later col- 
lections made by Bruce Wade. 

1 Hilgard, E. W., Report on the geology and agriculture of Missis* 
sippi, pp. 61-68, 1860. 

« Tuomey, Michael, Alabama Oeol. Survey First Bienn. Rept., pp. 
11^120, 1850. 

» Smith, E. A., and Johnson, L. C, Tertiary and Cretaceous strata of 
the Tuscaloosa, Tombigbee, and Alabama rivers: l\ 8. Geol. Survey 
Bull. 43, pp. 71-136, 1887. 

* Glenn, L. C, Underground waters of Texmessee and Kentucky west 
of Tennessee River and of an adjacent area in Illinois: V. S. Geol. Survey 
Water-supply Paper 164, p. 23, 1906. 

• Smith, E. A., Lancdon, D. W., jr., and Johnson, L. C, On the 
geology of the Coastal Flam of Alabama, p. 440, Alabama Geol. Survey, 
1894. 
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A preliminary account ^ of the flora of the 
Eutaw in the Georgia area was published in 
1910 and a complete account ^ has been pub- 
lished by the United States Geological Survey. 
Lists of plant species quoted from the prelimi- 
nary account and from the manuscript of the 
completed report were given by Stephenson ' 
in 1911. 

ABBAL DISTBIBXmON. 

The Eutaw formation, consisting of sands, 
clays, and marls, outcrops in a belt of varying 
width extending from Taylor County, in western 
Georgia, to the southern part of Benton County, 
in western Tennessee, a distance between 400 
and 450 miles. Scattered remnants containing 
Halymenites and found as far north as Trigg 
County, Ky., are beUeved to represent a for- 
mer more northerly extent of this formation. 
Along Chattahoochee River this belt is about 
10 miles wide, across Alabama it ranges from 
5 to 15 miles, across northeastern Mississippi 
it is from 5 to 12 miles, and in western Tennes- 
see it is from 2 to 8 miles, averaging somewhat 
less than 4 miles. 

LTTHOLOGIC CHA&ACTEB. 

The Eutaw is predominantly composed of 
sand, but the materials vary through wide 
limits. Along Chattahoochee River the base 
is an arkosic, micaceous sand with pebbles and 
small intercalated lenses of laminated carbon- 
aceous and lignitic clay. The clays in places 
carry fossil plants and were apparently depos- 
ited in shallow marine waters. Overlying the 
basal bed, which is not very thick, is about 50 
feet of typically marine, fine, more or less 
micaceous and calcareous fossiliferous sands 
and clays. Above this is several hundred feet 
of variable, mostly shallow-water materials. 
These are predominantly cross-bedded to mas- 
sive micaceous sands and dark laminated lig- 
nitic clays. Overlying this material is about 
120 feet of massive marine irregularly bedded 
sands and clays, constituting the Tombigbee 
sand member (included by Langdon in the 
Ripley and forming a part of the BlufTtown 
marl of Veatch). All the fossil plants come 

1 Beiry, E. W., Contributions to the Mesozoio flora of the Atlantic 
Coastal Plain; VI, Georgia: Torrey Bot. Club Bull., voU 37, pp. 509-611, 
1010. 

* Berry, E. W., Hie Upper Cretaceous and Eocene floras of South 
Carolina and Georgia: U. S. Geol. Survey Prof. Paper 84, 200 pp., 1914. 

•Veatch, Otto, and Stephenson, L. W., Preliminary rejKat on the 
geology of the Coastal Plain of Georgia: Georgia GeoU Survey Bull. 26t 
466 pp., 1011. 



from the beds below the Tombigbee sand mem- 
ber. In passing eastward from Chattahoochee 
River even the Tombigbee member of the 
Eutaw becomes littoral in character, the mate- 
rials being progressively coarser and more ir- 
regularly bedded. 

In western Alabama the Eutaw materials are 
exceedingly variable and are predominantly 
sands. The sands are light colored and much 
cross-bedded and are interbedded with thinly 
laminated dark clays, strongly suggestive of 
the similar laminated clays of the Black Creek 
formation of the Carolinas. None of the lower 
beds of the Eutaw are persistent for any dis- 
tance, but the upper calcareous Tombigbee 
sand preserves its identity fairly well across 
the State. A similar variable lithology char- 
acterizes the Eutaw across northeastern Mis- 
sissippi and in western Tennessee. 

The strike of the Eutaw is northeast in 
Georgia; it becomes more nearly east across 
Alabama, turns to the northwest in the western 
part of the State, and gradually becomes north 
through most of its extent in Mississippi and 
in Tennessee. It dips between 20 and 30 feet 
to the mile. In its area of maximum develop- 
ment from Chattahoochee River westward 
across Alabama it is between 500 and 600 feet 
thick. The materials become coarser, and 
eastward in Georgia, where the deposits be- 
come thinner, they show increasing evidence 
of shallow-water deposition. In the north- 
western part of its outcrop in Mississippi and 
Tennessee the Eutaw also becomes thinner, 
being there between 300 and 400 feet thick. 

STRATIGBAPmC BELATIONS. 

In Georgia and eastern Alabama the Eutaw 
rests with a marked unconformity on the Lower 
Cretaceous. From Alabama River to the Mis- 
sissippi-Tennessee boimdary it rests without 
apparent unconformity on the Tuscaloosa. 
From the Tennessee boimdary imtil it disap- 
pears, it overlies the Paleozoic rocks which con- 
stitute the floor of the embayment. 

Except for the Pleistocene deposits, the Eu- 
taw is overlain throughout its extent in eastern 
Alabama and in Georgia, without apparent 
unconformity, by the marine sands of the Rip- 
ley formation. From Macon County, Ala., 
westward and northward throughout its out- 
crop, it is overlain almost continuously by the 
Selma chalk. As I have explained elsewhere 
(p. 37), the Selma chalk is a Uthologic and not a 
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chronologic unit and represents, in the region 
of its maximum deyelopment, a part of the 
upper Eutaw and all of the Ripley. 

LOCAL SSCnOHS COHTAININa PLANT SBMAIKS. 

Numerous local sections of the Eutaw forma- 
tion have been published in recent years, to 
which the reader in search of details is referred, 
as only those few sections containing fossil 
plants will be discussed in this report. 

McBRIDES FORD, QA. 

About 11 miles southeast of Columbus, in 
Chattahoochee County, Ga., an interesting fos- 
siliferous section discovered by Stephenson and 
visited by Stephenson and me, is exposed just 
above McBrides Ford on Upatoi Creek. 

Section ju$t tibove McBrides Ford, Go. 

Pleistocene: Ftet. 

Sand with gravel at base, about 10 

Unconformity. 

Entaw formation (Upper Cretaceous): 

More cs less pebbly, coarse eross-bedded sands 
with small lenses of lignitic carbonaceous 
clay, one of which contains the plants listed 

from this locality 10-15 

Unconf(MTnity. 
Lower Cretaceous: 

' Light-colored coarse arkosic sands 0-5 

The leaf-bearing lens of almost black car- 
bonaceous clay was only about 15 inches in 
maximum thickness and only a few feet in lat- 
eral extent. This lens and the other Uttle clay 
lenses represent small shallow basins in the 
sandy bottom of the Eutaw sea that accumu- 
lated v^etable material drifted from the near- 
by shores. The following 19 species have been 
recognized from this clay lens: 

Andromeda cretacea Lesquereux? 

wardiana Lesquereux. 
Androvettia elegans Berry. 
AraHa eutawensis Berry. 
Brachyphyllum macrocarpum formosum Berry. 
Cinnamomum heerii Lesquereux? 

newberryi Beny. 
Eucalyptus angusta Velenovsky. 
Ficus ovatifolia Berry. 
Inga cretacea Lesquereux. 
Magnolia boulayana Lesquereux. 

capellinii Heer. 
Manihotitee geoigiana Berry. 
Menispermites variabilis Berry. 
Paliurus upatoiensis Berr>'. 
SaUx flexuoea Newberry. 
Sequoia reichenbachi (Geinitz > Heer. 
Tumion carolinianum Berr>? 
Zizyphus laurifoHus Beny. 



BROKEN ARBOW BEND, OA. 

At Broken Arrow Bend, on Chattahoochee 
River about lOJ miles below Columbus, good 
sections are exposed along both banks of the 
river. That containing plant remains is on 
the left bank in Chattahoochee County, Ga., 
about 100 yards below the section on the Ala- 
bama side. The following materials are ex- 
posed: 

Section at Broken Arrow Bend, Ga. 

Eutaw f(urmation (basal beds): peet. 
Gray calcareous micaceous sand with nodules of 
impure limestone, carrying a marine inverte- 
brate fauna 15 

Coarae cross-bedded sand, in part evidently re- 
worked Lower Cretaceous materials with 
gravel and much lignite and thin lenses of 
compact dark-drab clay near the base carry- 
ing plant remains 2-15 

Unconformity. 
Lower Cretaceous: 

Coarse gray arkosic cross-bedded sands with 
subordinate argillaceous materials 0-5 

The fossil plants collected at this locality are 
few in numbner and much macerated and were 
evidently in the water some time before fossil- 
ization. The following species have been rec- 
ognized: 

Malapoenna horrellensis Berry. 

Phragmites {^atti Berry. 

Salix eutawensis Berry. 

Salix flexuoea Newberry. 

Sequoia reichenbachi (Geinitz) Heer. 

This is exactly the same horizon from which 
fossil plants were collected at McBrides 
Ford. 

CHIMNEY BLUTT, OA. 

At Chimney Bluff, on the left bank of Chat- 
tahoochee River, in Chattahoochee County, 
Ga., 22 miles bdow Columbus, the following 
section is exposed: 

Section at Chimney Bluff, Ga. 

Eutaw formation: F«et. 

Greenish (weathering yellowish) fine sandy 
clay with casts of marine invertebrates (Tom- 
bigbee sand member), about 50 

Fine white loose, somewhat cross-bedded mi- 
caceous sand (lens\ exposed 8-15 

Irregularly bedded, laminated, cross-bedded, 
very lignitic pyritiferous sands and clay with 
pellets of amber and many large teredo4x)ied 
logs of lignite, the largest 2 or 3 feet in diam- 
eter, with small lenses of dark plastic clay 
carrying rather friable plant remains, about. . 25 
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The lower part of this section, which is in 
the lower part of the Eutaw,' represents an 
accumulation of drifting vegetable matter and 
fine sediment behind some temporary bar or 
in some shallow water or eddy near the shore, 
possibly in the estuary of some Eutaw river. 
The plants show evidence of considerable im- 
mersion and transportation, only coriaceoxis 
forms which withstood maceration being in a 
recognizable condition. 

The following species have been recognized: 

Araucaria bladenensifl Berry (leaf -bearing twigs). 

jeffreyi Berry (cone scalee). 
Ficus craaaipes (Heer) Heer. 

krausiana Heer. 
Salix flexiioea Newberry. 

ieec|uereuxii Berry. 
Sequoia reichenbacM (Geinitz) Heer (twigs). 

The most abundant form is Araiu^aria 6Za- 
denensiSy represented by some large foliage- 
bearing twigs and numerous detached leaves. 

HAVANA, ALA. 

Between 1^ and 2 miles southeast of Havana, 
in the north-central part of Hale County, Ala., 
extensive gullies have been eroded in the basal 
sands of the Eutaw formation. The lithology 
varies from gully to gully, and in only one 
have fossil plants been found. (See PI. IV, 
B.) The section shown diagrammatically in 
figure 9 is exposed in this gully. 

In common with the preceding Eutaw sec- 
tions the fossil plants come from the basal beds 
of the formation. These basal sands and thinly 
laminated clays are more or less cross-bedded 
and carry considerable glauconite, which is 
perhaps the source of the numerous iron crusts. 
They are also micaceous and lignitic, carrying 
pellets of amber and much conmiinuted vege- 
table matter. The fossil plants are for the 
most part much macerated^ some of the sand 
films between clay laminae being crowded with 
the detached leaves of Sequoia reicTienhachi. 
The following 14 species have been identified 
from this outcrop: 

Andromeda parlatorii Heer. 
Araucaria bladenensis Berry. 
Bauhinia alabamensis Berry. 

cretacea Newberry. 
Brachyphyllum macrocarpum formosum Berry. 
Cephalotaxospermum carolinianum Berry. 
Dioepyroe primaeva Heer. 
Doryanthites cretacea Berry. 
Ficus krausiana Heer. 
Laurus plutonia Heer. 

65628**— 19 3 



Malapoenna horellensis Berry. 
M3rrcia havanensis Berry. 
Sequoia ambigua Heer. 

reichenbachi (Geinitzj Heer. 

The commonest form is Araiuuiria hladen- 
ensis. Next in abimdance are Doryanthites, 
the two species of Sequoia, and the two coria- 
ceous, lanceolate species of Ficus. 

COFFEE BLUFF, TENN. 

Coflfee Bluff, which was described originally 
by Safford Mn 1884, is on the west bank of 
Tennessee River in Hardin County, Tenn., and 
is the type locaUty of the Coffee sand, the 
uppermost member of the Eutaw formation. 
The river washes the bluff for nearly 2 miles, 
exposing the highly variable littoral materials 
that characterize the formation in this area. 
The following section is quoted from Glenn:' 



Section at Coffee Bluff, Tenn. 



Feet. 



1. Half a mile inland from the edge of the bluff, red 

and yellow chert gravels with overlying reddish 
sandy clay * 15 

2. Along descending elope of road to edge of bluff are 

poorly exposed light-colored sands and lead- 
colored clays interbedded in thin layers, which 
are usually minutely laminated 120 

3. Top of bluff, light-colored sands similar In color, 

texture, and structure to those of the following 
member 12 

4. Dark slate-colored clay in thin laminae, generally 

pure but in places has thin sandy layers; contains 
fragments of plants and locally shows an uncon- 
formity with the underlying beds 26 

5. Fine gray sand interbedded with slaty or lead- 

colored clay in fissile papery laminae. The sand 
and clay are commonly interlaminated and more 
or less cross-bedded; in places a relatively pure 
bed of sand or clay several feet thick grades over 
along the bedding plane into the other within a 
few yards. On the surface of the thin fissile shales 
are leaf impressions. The sand and clay alike 
carry more or less lignitized wood, which is in 
small pieces except in the lower part of the bed, 
where logs of it are found. Decomposing pyrite 
is associated with the lignite. Two logs of petri- 
fied wood projected from this sand at the time 
Safford measured this section. In places a tend- 
ency to induration is noticeable in the sands, 
though generally they are rather soft. The croes- 
bedding is invariably on a small scale and fre- 
quent reversals of direction occur in many places . 40 

6. Sand varj-ing in color from light gray to canary 

yeUow, micaceous 3 

7. Sand, gray and lignitic, with much decomposing 

pyrite, to the water's edge 15 

» Safford, J. M., Am. Jour. Sri., 2d ser., vol. 37, pp. 360-372, 1864; 
Geology of Tennessee, p. 4 12, 1869. 

> Glenn, L. C, U. S. Oeol. Survey Water-Supply Paper 164, pp. 24-25, 
1906. 
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Petrified wood collected by Wade from the 
beds included in No, 5 of the section represents 
asilicified species of Cupressinoxylonwhich is too 
poorly preserved for specific description. Pel- 
lets of amber are scattered in tho lignitic clays, 
and one of these, discovered by Wade, con- 



sandy clays. During his mapping of Hardin 
County for the Tennessee Geological Survey, 
Wade made large collections of these plant 
fossils, which were referred to me, and the 
results of their study are incorporated in this 
report, A considerable portion of the col- 



Fioirst 9. — Section ol the Eataw tonoMlaa exposed in oas of i 

tained the remains of an insect, which is, I be- 
lieve, the first amber insect to be described from 
North America,' Fossil plants are not un- 
conmion throughout the argillaceous portions 
of the section, but they are usually much 
broken and poorly preserved in the prevailingly 

1 Cockerel], T. D. A., V. S. Net. Wus. Proc., ™l. fll, pp. 9S-W, fig. *, 



le deep gnllin 1 mlln soatbeaat ot Hevuui, Hale Cfflinty. Ala. 

lected material wus too poorly preserved to be 
determinable, but a number of specimens, 
though most of them ore fragmentary, have 
been satisfactorily identified. These are: 

Andromeda wardiana Lesquereux. 

novaeeaesareae Ilollick. 
Cinnamomum heeri Leequereux. 
CupreseinoKyloD Bp. 
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Dewalquea smithi Beiry. 
Diospyros primaeva Heer. 
Ficxis craasipes Heer. 

krauaiana Heer. 

ovatifolla Berry. 
Halymenitetf major Lesquereux. 
liaurophyllum elegans HoUick. 
Manihotites georgiana Berry. 
Phragmites prattff Berry. 
Phyllites asplenioides Berry. 
Pteroepermites carolinenais Berry. 
Salix eutawenais Berry. 

COMPOSITION AND ECOLOQIC CONDITIONS 
INDICATED BY THE EUTAW FLORA. 

The Eutaw flora is far from representative 
of the flora that flourished during the deposi- 
tion of the sediments of the Eutaw formation, 
as the majority of the plants that have been 
found came from the basal beds of the forma- 
'tion, in which the flora had not undergone any 
marked changes from that which lived in late 
Tuscaloosa time. It is, furthermore, not rep- 
resentative of the flora of early Eutaw time, 
because most of the plant remains had under- 
gone much maceration, the consequent tritura- 
tion having weeded out nearly all but the 
more coriaceous forms. 

The known flora numbers but 43 species. 
No thallophytes (except the doubtful Holy- 
memtes) or bryophytes are represented; there 
is 1 fern, 9 gymnosperms, 2 monocotyledons, 
and 30 dicotyledons. The gynmosperms, al- 
though few in number, are of especial interest 
in the variety of forms represented. Cepha- 
lotaxospermum is represented by fruits very 
similar to those of the existing genus CepTiOr- 
lotaxus. BrachyphyUum is an older Mesozoic 
type without any close modem relatives. The 
Sequoia is the well-known and wide-ranging 
Sequoia reichenbachi, which appears to have 
been much more abundant in the Eutaw than 
in the Tuscaloosa. The Tumion is poorly 
represented. By far the most abundant, type 
is Araucaria hladenensis, a form very abim- 
dant in the Black Creek formation and one 
scarcely distinguishable from the existing 
broad-leafed Araucaria hidvnUi. Character- 
istic modem-appearing cone scales are repre- 
sented by Araucaria jeffreyi. Perhaps the 
most remarkable type is the femhke Andro- 
vettia elegans, a form without any nearly allied 
existing representatives. 

The Monocotyledonae are of slight botanic 
interest. The Phragmites represents some 



Eutaw sedge or grass and the DoryanihUes 
represents a large parallel-veined species of 
imknown aflSnity. 

The 30 dicotyledons represent 11 orders of 
which the largest is the Thymeleales, with 
5 species. There are 3 species each of Sali- 
cales, Urticales, Ranales, and Ericales; 2 each 
of Rosales,*Rhamnales, and Myrtales; and 1 
each of Juglandales, Geraniales, Umbellales, 
and Ebenales. Thus 23 belong to the Choripe- 
talae and 4 to the Gamopetalae, the former 
being divided into 7 Apetalae and 16 Polype- 
talae. The order Sapindales, which had 15 
species in the Tuscaloosa, the most important 
genus being CelastrophyUumj is entirely unrepre- 
sented. 

The dicotyledonous families have 30 repre- 
sentatives, of which the largest is the Lauraceae 
with 5 species. The Salicaceae, Moraceae, and 
E^caceae? have 3 species each; the Magno- 
liaceae, Caesalpiniaceae, Rhamnaceae, and 
Myrtaceae have 2 species each, and the Juglan- 
daceae, Menispermaceae, Euphorbiaceae, Ara- 
liaceae, and Ebenaceae have 1 each. The 
most remjarkable dicotyledon of the Eutaw is 
Manihotites georgiana, which had irregularly 
lobed subpdtate leaves 48 centimeters in 
diameter. 

The Eutaw flora is far -too smaU to serve for 
any conclusive deductions regarding ecologic 
or other physical conditions, and what has 
been said r^arding this feature of the much 
more extensive Tuscaloosa flora applies equally 
well to the Eutaw. The basal Eutaw materials 
are evidently shallow-water sediments, but 
they do not show evidence of current bedding 
greater than that shown by the Tuscaloosa. 
It is in the clays that we see the differences 
both in lithology and in the contained flora. 
This clearly indicates one of two conditions. 
Either the Eutaw coast line lacked the estua- 
ries with their bars, lagoons, or bayous of 
quiet waters and their mud flats which offer 
such exceptional opportunities for the preser- 
vation of plant foliage, or such deposits if 
formed have been subsequently destroyed by 
erosion. The Eutaw coast line was probably 
less broken than that of the Tuscaloosa, and 
doubtless some of the phytologic records of 
the Eutaw have been eroded; certainly vege- 
table matter was abundant in the Eutaw sea. 
This abundance is indicated by the lignitic 
character of many of the lower sands and by 
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the dark carbonaceous clays. All that I have 
seen, however, was evidently subject to the 
action of the water a long time before entomb- 
ment. The logs are thoroughly bored by some 
Eutaw representative of the modem Teredo. 
A calcified log 6 or 7 inches in diameter, found 
at Broken Arrow Bend, was thickly covered 
on one side with a fine set of nearly adult 
individuals of Ostrea cretdceaj indicating the 
shallowness of the waters, because the spat of 
the Ostreidae do not set in deep water. 

An effort to picture accurately the environ- 
ment of this flora is beset with unusual diffi- 
culties, as may be imagined from what has 
already been said. It is safe to assume that 
the climate was mild and humid, the latter 
being probably the most important factor 
aside from the absence of frost. That the 
temperature was not tropical in character we 
may assume from the manner in which this 
flora preserves its mtegrity if traced northward 
over at least 10® of latitude. Judged by the 
facts of the present-day geographic distri- 
bution of plants, this flora presents an antipo- 
dean facies with its abundant Arfiucarieae, 
but this is only ano^er way of emphasizing its 
Mesozoic character, as the abundant evidence 
at our command shows that these types were 
practically cosmopolitan in the Mesozoic. 
Another feature which seems strange to modem 
]>lant geographers is the curious mingUng of 
forms, which in the existing flora are to a greater 
or less extent climatically segregated. Wil- 
lows and walnuts growing with figs, laurels, 
and araucarias would indeed be anomalous in 
the present flora, but this and similar associa- 
tions are familiar enough in fossil floras not 
only during the Mesozoic but well into the 
Cenozoic. 

Even though no close comparisons with 
modem ecologic groups are possible, it would 
seem that the Eutaw flora, like that of the 
Tuscaloosa, if it were hving at the present 
time, would be included by ecologic botanists 
under that somewhat elastic head which Schim- 
per calls "temperate rain forests.'' In no 
other modem plant associations do we find 
that commingling of temperate and tropical 
types that we find in certain present-day 
temperate rain forests, as for example those of 
southern Chile, southern Japan, northern 
AustraUa, and New Zealand. In the last- 
mentioned country we find araliets, laurels, 



CiriTtamomum, Mdgnolia, and Stereulia asso- 
ciated with Quercus, Fagus, Gleichenia, Dryop- 
teris, Dicksonia, and other forms. In some 
respects this type in New Zealand is the most 
tropical in its facies and more like our eastern 
American Upper Cretaceous floras than any 
other existing flora. In New Zealand conifers 
are abundant and include forms "with reduced 
leaves like Lihocedrus and Dacrydium, as well as 
forms with broad leaves like Dammaray Podo- 
carpus, and PTiyUocladua, Dicotyledonae are 
numerous and varied, including between 100 
and 150 species, among which forms of Myr- 
taceae, Lauraceae, Proteaceae, etc., with coria- 
ceous leaves are prominent. The undergrowth 
is rich in tree ferns and various genera of Ara- 
liaceae. 

When this modem flora is compared ele- 
ment for element with the eastern Gulf Creta-* 
ceous floras naturally many differences become 
apparent, but the resemblance between the 
two is remarkable. In the eastern Gulf Cre- 
taceous floras Sequoia, BntchyphyUum, and 
Widdringtonites represent the narrow or scale- 
leaved conifers, Dammara and Arav^caria the 
broad-leaved araucarias, and Androvettia and 
ProtophyUocladus the modem PhyUodadus. 
The dicotyledons are numerous and varied, 
with a mixing of temperate and tropical tjrpes 
and with numerous coriaceous forms belonging 
to a number of the same families as do the New 
Zealand plants. Aralias are common in both 
the eastern Gulf Cretaceous and the modem 
floras. That the Cretaceous rainfall was plenti- 
ful may be inferred not only from the species 
of plants preserved but also from the formation, 
of dripping points on various leaves, this feature 
beihg especially emphasized in the Tuscaloosa 
flora. 

SELMA CHALK. 

It is not within the province of this report 
to discuss the strictly marine and non plant- 
bearing deposits known as the Selma chalk. A 
brief statement is demanded, however, in order 
not to leave a hiatus in the discussion. 

The Selma chalk is one of the most per- 
sistent Uthologic units in the entire Coastal 
Plain and consists for the most part of mas- 
sively bedded, usually Uthified calcareous clay 
or argillaceous Umestone. 

The Selma chalk, long known as the ''Rotten 
limestone/* outcrops from east-central Ala- 
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bama to the southern part of Benton County, 
in west Tennessee, forming the so-called Black 
Prairie country. In the area of its maximum 
development along Tombigbee River in west- 
central Alabama it outcrops as a broad belt 
and attains a thickness of at least 1,000 feet, 
extending to the extreme top of the Upper 
Cretaceous. It is a moderately shallow water 
deposit, as is shown by the abundance of fossil 
Ostreidae, and seems to owe its peculiar char- 
acter to the absence of terrigenous* materials. 
As I have previously stated, it is a hthologic and 
not a chronologic imit, the careful faunal 
studies of Stephenson having shown that it is 
partly the equivalent of the Eutaw and largely 
the equivalent of the Ripley. The vArious 
faunal lines have been traced successfully from 
the sands and clays of the Chattahoochee basin 
through the chalk to the sands and clays of 
northeastern Mississippi. The bearing of the 
Selma chalk on the Upper Cretaceous physiog- 
raphy has been mentioned in discussing the 
delta character of the Tuscaloosa deposits. 

RIPLET FORMATION. 
HISTOBICAL SKETCH. 

The Ripley formation was named in 1860 by 
E. W. Hilgard* after the town of Ripley, in 
Tippah County, Miss., which is 3 miles south- 
west of the classic fossiliferous Ripley deposits 
exposed along Owl Creek. 

The limits of the Ripley have been indefinite 
for more than half a century, any fossiliferous 
Upper Cretaceous sand being usually consid- 
ered Ripley until the studies of Stephenson 
previously mentioned. The history of the study 
of these deposits need not concern us further, 
the literature containing absolutely no refer- 
ence to fossil plants except a brief preliminary 
report on the Cretaceous flora of Georgia which 
I published in 1910.* 

ABEAL DISTBEBTJTION. 

The beds to which the name Ripley forma- 
tion has been applied outcrop from Twiggs 
County, in central Georgia, to central Alabama 
where they are interrupted by the synchronous 
deposits of the upper part of the Selma chalk. 

1 Hilgard, E. W., Report on the geology and agriculture of Mississippi, 
pp. 62, 8a-«5, 1860. 

* Beny, E. W., Contributions to the Mesozoic flora of the Atlantic 
Coastal Plain; VI, Georgia: Torrey Bot. Club BuU., vol. 37, pp. SOa- 
511, 1910. 



The Selma chalk forms the top of the Upper 
Cretaceous for most of the distance between 
central Alabama and Houston Coimty, Miss. 
From that point to the head of the Mississippi 
embayment the Ripley deposits are continu- 
ous. In Georgia the outcrop is from 10 to 15 
miles wide, westward in Alabama to where it 
passes into the chalk phase it is from 25 to 30 
miles, and beyond the chalk in northeastern 
Mississippi it lessens to about 12 miles at the 
Mississippi-Tennessee boundary. It has nai- 
rowed to about 6 miles at the Tennessee-Ken- 
tucky boundary, which width it maintams 
across Kentucky and southern Illinois. 

LITHOLOQIC CHARACTEB. 

The Ripley materials are predominantly 
marine sands massively bedded, dark gray to 
greenish black in color, more or less calcareous, 
micaceous, pyritiferous, glauconitic, and all- 
iaceous, according to the conditions of sedi- 
mentation in different parts of the Ripley sea. 
They are usually fossiliferous, sometimes 
enough so to constitute shell marls. Ledges of 
sandy limestone are developed locally. Some 
distance east of the Selma chalk, as in the 
Chattahoochee basin, the Ripley has been esti- 
mated to be about 1,000 feet thick, getting 
thinner eastward in Georgia, where it becomes 
more definitely a deposit of littoral sands. It 
also is thinner in the upper embayment, having 
a reported thickness of 400 feet at WickUffe, 
Ky.; 54 feet at Cairo, HI.; and 204 feet at 
Paducah, Ky. 

STSATIQRAPHIC BELATIOITS. 

The Ripley formation rests without apparent 
unconformity on the somewhat similar sands 
of the upper part of the Eutaw in the Chatta- 
hoochee basin. Eastward in Georgia it lies 
unconformably on the Lower Cretaceous. 
Westward across most of Alabama and Missis- 
sippi it is developed above the chalk phase 
(Selma chalk) which underlies it as far as the 
southern part of Benton County, in west Ten- 
nessee. From this point to the head of the 
embayment it rests on the embayment floor of 
Paleozoic rocks. It is overlain throughout its 
extent by the unconformable deposits of the 
Eocene. 

PLANT LOCALITDSS. 

Small collections of fossil plants have been 
made at seven or eight localities in the Ripley, 
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and I have seen undeterminable fragments at 
numerous other outcrops. At the Big Cut on 
the Southern Railway 1^ miles west of Cypress, 
Tenn., a lens of carbonaceous clay at the base 
of the western end of the exposure is full of 
leaf fragments, and they are also present in the 
iron crust capping the clay. I failed to obtain 
anything identifiable at this outcrop, but there 
is a specimen of Myrcia Tiavanensis Berry in 
the National Museum collections, and Wade 
collected 2 additional species from this locality. 
I have seen fragments of what may have been 
this species at the base of Chalk Bluff on Ohio 
River 2^ miles above Caledonia Landing, 
Pulaski County, 111. Extended search at this 
outcrop failed to yield any positively deter- 
minable material. Glenn made a small collec- 
tion east of Benton, in Marshall County, Ky.* 
I have examined this collection and visited the 
outcrop without being able to determine any 
of the plant fragments. 

In the northwestern part of Benton County, 
Tenn., L. W. Stephenson collected a few fossil 
plants from exposures along the Camden-Paris 
public road. (See PI. FV, ^.) I have been able 
to recognize Myrcia Jiavanensis Berry, Myrica 
ripleyensis Berry, and Sabalites sp. 

Just above the mouth of Cowikee Creek, in 
Barbour County, Ala., there is an exposure of 
30 to 40 feet of massive, compact glauconitic, 
argillaceous, micaceous sand carrying plant 
fragments associated with invertebrates of the 
genera Nucula, Ostrea^ CymeUaj LiopistJia, and 
Leptosolen.^ The plants are fragmentary and 
bear evidence of having been in the water a 
long time before fossilization. The following 
forms have been recognized : 

Bauhinia ripleyensis Berry. 
Fern, undetenninable. 
Laurus? sp. 
Platanus sp: 
Salix? sp. 
Sapindus? sp. 

I have been unable to identify any of these 
with previously known forms and they are so 
inconclusive that only the Bauhinia and the Ph- 
ianus are included in the systematic descrip- 
tions that follow. 

There are two locaUties in (Georgia from which 
Ripley plants have been collected, one 6 miles 

1 Olemi, L. C, Underground waters of Tennessee and Kentucky west 
<rf Tennessee River and of an adjacent area in Illinois: V. 8. Oeol. Survey 
Water-Supply Paper 164, p. 27, 1906. 

» Stephenson, L. W., Georgia Oeol. Survey Bull. 26, pp. 172, 173, 1911. 



east of Buena Vista on the Buena Vista-Taze- 
well Road, in Marion County, where the follow- 
ing section is exposed:" 

Section on ike Buena Vitta- Tazewell Road, Marion 

County, Ga. 

Ripley formation: Feet. 

Marine member (browniah weathered sands) 70 

Cuaseta sand member (coarse light-colored cross- 
bedded arkosic sand locally with iron con- 
cretions and both light and dark clay lenses; 
from a lens of black clay near the base fossil 
plants were collected) 50 

The following 6 species, collected by Stephen- 
son, have been determined from this outcrop: 

Andromeda novaecaesareae Hollick. 
Araucaria bladenensis Berry. 
Doryanthites cretacea Berr>'. 
Eucalyptus angusta Velenovsky. 
Ficus georgiana Berry. 
Manihotites geoigiana Berry. 

The most abundant form is the curious 
monocotyledon Doryanthites crdacea. 

The second Ripley plant locality in Georgia 
is in a cut along the Central of Georgia Railway 
li miles northeast of Byron, in Houston 
County. The materials as described by Ste- 
phenson* are light cross-bedded sands of the 
Cusseta sand member underlain by drab clays 
with sand lenses, and a layer of dark carbon- 
aceous clay 6 feet thick in. the lower part of the 
section yielded the following plants: Araucaria 
jeffreyi Berry, Cunninghamites degans (Corda) 
Endlicher, and Dryopteriks stephensoni Berry. 

The most extensive known collection of 
plants from the Ripley formation is that which 
was made by Bruce Wade from a small clay 
lens near the base of the McNairy sand member 
of the Ripley formation 2^ miles southwest of 
Selmer, in McNairy County, Tenn. Because of 
the exceptionally extensive fauna preserved in 
the Upper Cretaceous deposits of this region I 
have introduced a diagrammatic section (fig. 
10) showing the hthology and the relative geo- 
logic and geographic relations of the plant local- 
ities at Selmer and Big Cut to those which have 
furnished the marine faunas of Coon Creek, Sand 
Hill, and Trims Mill. 

The following species of plants have been 
identified from the McNairy sand member of 
the Ripley formation from the locality near 
Selmer: 

Bauhinia ripleyensis Berry. 
Cinnamomum sp. 

* Idem, p. 163. 
< Idem, pp. 170-171. 
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Ciaaitee criapus Velenov8k>. 
Dryophyllum gracile Debey. 
Eugenia? anceps Berry. 
Magnolia capellini Heer. 
Malapoenna horrellensifl Berry. 
Manihotites georgiana Berry . 
M3rrcia havanensis Berry. 
Myrica ripleyensifl Berry . 
Sabalites sp. 
Sterculia snowii tenneeseensis Berry. 

The fossil plants of the Ripley are so few in 
number and in the main so poorly preserved 
that any discussion of the general character 
of the Ripley flora or of the ecologic conditions 
which it indicates is out of the question. 



Grewiopsie formosa. 

tuscaloosensiB. 
Hymenaea fayettensis. 
Jungermannitee cretaceus. 
L^guminositefl ingaefolia. 

shirleyensis. 

tuscaloosensis. 
Lycopodites tuscalooeensiB. 
Malapoenna cottondalends. 
Meniflpeimites integrifolius. 

trilobatus. 
Myrica dakotensis minima. 
Oreodaphne shirleyensis. 
Persoonia lesquereuxii minor. 
Phyllitee shirleyensis. 

pistiaefprmis. 










FiGUBS 10.~Diagrammatic section of the Ripley formation in McNairy County, Tenn., from northeast to southwest. No. 1 is chalky day of Mid- 
way age. Ko6. 2 to 5, inclusive, belong to the Ripley formation. No. 2, consisting of sandy fossiUferous marl, is the northeastern extension 
of the Owl Creek beds of Lowe; No. 3 is the BfcNairy sand member; No. 4, ferruginous clay; and No. 5, sand with fossiliferous marl lenses and 
HalfnertUea-heariDg sands, being the fossiliferous horison of Coon Creek. No. (chalky clay) is the Selma chalk. Localities named indicate 
positions of founas and floras. 



BEARING OF THE FLORAS ON CORRELATION. 
COBSXX*ATION OF THB TUSCALOOSA FLORA. 

The following 47 Tuscaloosa species are new 
and have no known outside distribution: 

Aralia cottondalensis. 
Calydtes sexpardtuB. 
Capparitee cynophylloides. 

orbiculatus. 
Carpolithes tuscalooeensis. 
Caasia vaughani. 
Gelastrophyllum alabamensis. 

crenatum ellipticum. 

gymi ndaefol ium . 

precrassipes. 

Shirley ensifl. 
Oladophlebis alabamensis. 
Cocculns polycarpaefolius. 

problematicus. 
Conocarpites formoeua. 
Eorhamnidium cretacenm. 
Equisetum? sp. 
Eugenia tuscalooeensis. 
Ficus alabamensis. 

fontainii. 

shirleyenaiB. 



Piperitee tuscalooeensis. 
Platanus asperaeformis. 

shirleyensis. 
Populites tuscalooeensis. 
Proteoides conoepermaefolia. 
Sapindus variabilis. 
Sapotacites ettingshauseni 

formosus. 

shirleyensis. 
Sphaeritee alabamensis. 

These species are obviously of slight value 
in exact correlation, nevertheless, with the ex- 
ception of the new genera Capparites, Cono- 
carpiteSf Eorhamnidium, and Piperites and the 
two genera Grewiopsis and Platanus, all the 
genera are characteristic of the flora of the 
Dakota sandstone of the Rocky Mountain 
region, the Raritan and Magothy formations 
of the northern Coastal Plain, and the Ceno- 
manian of Europe. Two of the varieties are 
varieties of weU-known Dakota forms. The 
variation shown by CelaMrophjUum finds its 
parallel in the Dakota and Raritan and no- 
where else. This genus has 12 species in the 
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Tuscaloosa, nearly as many in the Dakota and 
Raritan, and some in the Magothy of New 
Jersey, and the Black Creek formation of the 
CaroUnaS; but not a single species in the Eutaw 
formation, in the abundant flora of the Mon- 
tana group, or in the extensive Senonian floras 
of Etirope. The genus is moreover abundant 
in the Patapsco formations, at the top of the 
Lower Cretaceous, and is of the greatest im- 
portance in fixing the age of the Tuscaloosa. 
The new species of Hymenaea is related to a 
Dakota sandstone form, as is the Araliaj and 
Cladophlehis is distinctly a survivor from the 
Lower Cretaceous. 

The following 6 Tuscaloosa plants have been 
recorded from the Lower Cretaceous: 

Abietitee folioeus. 
Asplenium dicksonianum. 
Celastiophyllum brittonianum. 
Gleichenia delicatula. 
Sequoia ambigua. 
reichenbachl. 

The only one of these that is a characteristic 
Lower Cretaceous species is Ahietites foliosuSj 
and it is probably allied to the structural ma- 
terial referred to Prepinus from the Raritan 
formation of the Upper Cretaceous. Asplenium 
dicksonianum occurs in both the Raritan and 
the Dakota, the CddstrophyUum in the Raritan 
of New Jersey and the Patoot beds of Greenland, 
Sequoia arribigua in the Magothy, and Sequoia 
reichenbachi through the entire Cretaceous. 
Without further discussion the suggestion that 
any part of the Tuscaloosa formation is of 
Lower Cretaceous age is dismissed as an impos- 
sibihty. 

The relation of the Tuscaloosa flora to other 
Upper Cretaceous floras may next be consid- 
ered. Sixteen Tuscaloosa species are foimd in 
the basal bed^ of the Eutaw formation in 
Alabama and Georgia and others are repre- 
sented by closely allied forms, showing that the 
Tuscaloosa flora and that of the basal Eutaw 
are very closely related. The total number of 
plants known from the Eutaw is 41, of which 
50 per cent are survivors from the Tuscaloosa. 
With the still younger Ripley flora the resem- 
blance is slight. Only 20 identifiable forms 
have been found in the Ripley and of these 
only Andromeda novaeca^esareae and DryopterUes 
stephensoni occur in the Tuscaloosa. 

A considerable flora has been recorded from 
the Black Creek formation in North and South 



Carolina. Twenty-eight Tuscaloosa forms are 
foimd in the typical Black Creek and 9 addi- 
tional in the Middendorf arkose member of 
South Carolina, which is a basal lithologic phase 
of the Black Creek. The Black Creek is several 
hxmdred feet thick and carries a considerable 
marine fauna in its upper beds, which fauna, 
according to the studies of Stephenson, shows 
affinities with the Eutaw and basal Ripley 
faimas. Though a majority of the species 
common to the Tuscaloosa and the Black Creek 
(including the Middendorf member) formations 
are foimd in the lower beds of the Black Creek 
either at Court House Bluff, on Cape Fear 
River, or in the Middendorf member of South 
Carolina, the Black Creek flora is essentially a 
imit, the species diagnostic of the Eutaw in 
Alabama being common to the upper and lower 
parts of the Black Creek. 

The relation of the Tuscaloosa flora to that 
of the northern Coastal Plain from Marthas 
Vineyard to Maryland as developed in the floras 
of the Raritan and Magothy formations is ex- 
ceedingly close! There are 63 species common 
to the Tuscaloosa and Raritan and 62 common 
to the Tuscaloosa and Magothy. Of the 63 
species common to the Raritan 14 are from the 
upper part of the Raritan and several addi- 
tional are from imknown localities. A marked 
difference exists between the flora of the upper 
and lower parts of the Raritan, as I have shown 
in a recent publication devoted to the Raritan 
flora.^ Fifty per cent of the upper Raritan 
flora does not occur in the more abundant lower 
Raritan flora, and the upper Raritan flora is 
closely allied to that of the overlying Magothy. 
For these reasons I consider that the lower 
Raritan is older than any part of the Tusca- 
loosa and that the basal part of the Tuscaloosa 
is the equivalent of the upper part of the 
Raritan. 

The relation of the Tuscaloosa flora to that 
of the Magothy is very close, more than 41 per 
cent of the Tuscaloosa species being found in 
the Magothy. Obviously the two are nearly 
synchronous, although their lower limits do not 
correspond, because the upper part of the Rari- 
tan is considered to correspond with the lower 
part of the Tuscaloosa. Their upper limits are 
also probably not identical, as the Magothy 
formation is much thinner than the Tuscaloosa. 
The uppermost Tuscaloosa may correspond to 

» Berry, E. W., New Jersey Geol. Survey Bull. 3, 1011. 
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more or less of the Matawan, because the few 
fossil plants found m the Matawan, comprising 
only 2 or 3 species, all are Magothy survivors. 
However, I am disposed to think that this 
resemblance is not important, as a considerable 
element of the Tuscaloosa flora survives in the 
Eutaw and as the invertebrates of the Jiutaw 
are mainly Magothy and Matawan types, so 
that probably the Matawan is mainly to be 
correlated with the Eutaw, and p>ossibly with 
the lower part of the Kipley as developed in the 
Chattahoochee region. 

On turning to the western Gulf area we find 
in the scanty flora of the Woodbine sand of 
southern Texas 19 Tuscaloosa species, clearly 
indicating the substantial synchroneity of these 
two formations on opposite sides of the Missis- 
sippi embayment. Recently a small flora of 
28 species has been collected by H. D. Miser 
from the Bingen formation in Pike and Howard 
coimties. Ark.* Of these species 18 are com- 
mon to the Tuscaloosa formation. Mr. Miser 
proposes to separate the Bingen formation into 
a lower and an upper member, and it is signifi- 
cant that the flora of the lower member is more 
closely related to that of the Tuscaloosa forma- 
tion, whereas the flora of the upper member is 
more like that found in the Eutaw formation 
of the eastern Gulf area. 

The floras of the Western Interior or Rocky 
Mountain province show the initial deposits 
of the Upper Cretaceous cycle of sedimentation, 
the Dakota sandstone, to be rich in fossil vege- 
tation. Forty-eight Tuscaloosa plants are 
recorded from the Dakota and in addition 
nearly all the genera are conmion to the two 
areas with closely related species in both. To 
what extent the Dakota flora survived in Colo- 
rado time is imknown, so that comparisons 
between the East and the West lack precision. 
There are only four Tuscaloosa species recorded 
from the Montana group, one the widespread 
Sequoia riichenhdchi, which because of its wide 
range is lacking in significance ; another is Se- 
quoia TieterophyUa, which ranges from the Ceno- 
manian to the Emscherian in Europe; a third 
is Geinitzia formosa, whose later occurrence in 
both the Montana and the Senonian of Europe 
is to be regarded as an instance of survival; 
and the fourth Gleichenia delicatvlaj a survivor 
from the Lower Cretaceous that is said to occur 

» Berry, E. W., Torrey Bot. Club Boll., vol. 43, pp. 167-190, pi. 7, 1917. 



in a disputed area in Wyoming, in rocks which 
may be Colorado instead of Montana in age. 
Moreover a large number of the genera repre- 
sented in the flora of the Montana group are 
imrepresented in the Tuscaloosa, Raritan, or 
Magothy of the East. In consequence the 
facies is very different, and I have no hesitation 
in considering these eastern floras older than 
the known flora of the Montana group, an opin- 
ion which has been consistently held by all 
paleobotanic students who have examined the 
question. 

To consider briefly the Ekiropean Upper 
Cretaceous floras it is remarkable that 18 
identical species should be fotmd in the Euro- 
pean Cenomanian, 2 inr the florally poor Turo- 
nian, and 4 in the Senonian, 1 being the ubiqui- 
tous Sequoia reichenbachij which is without 
significance, and none of the other three being 
angiosperms; two are conifers with an identical 
range in this cotmtry and the third is an 
Asplenvum which survived from the Lower 
Cretaceous. Hence the evidence of the floras 
is overwhelmingly in favor of the pre-Senonian 
and pre-Montana age of the Tuscaloosa and 
allied floras. Thirty Tuscaloosa species are 
found in the Atane beds of Greenland and ten 
in the Patoot beds of Greenland, a distribu- 
tion significantly in accord with the preceding 
statements. 

The details of the range of the different ele- 
ments of the Tuscaloosa flora both within the 
formation and elsewhere are shown in the tables 
of distribution which accompany this chapter. 

COSBSLATION OF THE XUTAW FLORA. 

Four of the five localities are in the lower 
part of the Eutaw formation, which, in the 
Chattahoochee section, is estimated to be 400 
or 450 feet thick, and the flora, which nxmibers 
41 species, may. be discussed as a unit. 

The following species are new to science and 
are known only from these deposits. They are 
therefore of but slight value for purposes of 
precise correlation, 

Androvettia elegans Berry. 
Bauhinia alabamenais Berry. 
Cupressmoxylon sp. 
Menispermites variabilis Berry. 
Paliurus upatoiensis Berry. 
Zizyphus lauiifolius Berry. 

The Androvettia is closely related to a similar 
species foimd in the upper part of the Tusca- 
loosa formation in Mississippi and in the Black 



42 UPPER CRETACEOUS FLORAS IN TENNESSEE, MISSISSIPPI, ALABAMA, AND GEORGIA. 



Creek formation in North Carolina. The other 
new species are without special significance 
except that they are referred to genera found 
in the Dakota and Magothy formations, and 
only the genus Bauhinia is fotmd in the 
younger Ripley formation of the eastern Gulf 
area, and none, so far as I know, are repre- 
sented in the flora of the Montana group of the 
Rocky Mountain province. 

Of the Eutaw species 20 are survivors from 
the Tuscaloosa and 9 continue into the over- 
lying Ripley; 8 of these make their appearance 
in the Eutaw and serve to give it a distinct 
floral f acies. These 8 species are Malapoenrui 
JunreUensiSf Eucalyptus angvsta, Halymenites 
major, Manihotites gewrgiaruij Araucaria hhr 
denensis, Araucaria jeffreyi, DoryanthiUs ere- 
tacea, and Myrda Jiavanensis. All of these ex- 
cept the Myrda and Halymenites are common 
to the Black Creek formation, and two of them, 
Arav4XLria hladenensis and Doryanthites cretacea, 
are found in the Magothy formation. 

The Eutaw has 4 species, common to the 
Woodbine sand of Texas, 6 to the Bingen for- 
mation of Arkansas, 15 to the Dakota sand- 
stone of the West, 1 2 to the Raritan formation 
of the northern Coastal Plain, 15 to the Ma- 
gothy formation of the northern Coastal Plain, 
20 to the Black Creek formation of the Caro- 
lines and 2 additional in its Middendorf mem- 
ber, 9 in the Atane beds of Greenland, 3 in the 
Patoot beds of Greenland, and 6 in the Ceno- 
manian of Europe. One species. Sequoia reich- 
enba<;fiif is common to the Montana group of 
the West and to the European Turonian and 
Senonian, and this is a species, as I have previ- 
ously pointed out, that is without significance 
because of its wide geologic range. The paral- 
lelism between the Eutaw formation, the Black 
Creek formation of the Carolinas, and the 
Magothy formation of the northern Coastal 
Plain is even closer than the mere percentages 
would indicate, as it is based upon pecuUar 
forms, such as the two species of Araucaria, 
the Cephalotaxospermum, and the Doryan- 
thites, and not upon wide-ranging species. I 
consider that the basal plant-bearing portion of 
the Eutaw formation is synchronous with a 



large part of the Black Creek formation and 
with all of the Magothy formation. Because 
of the thinness of the Magothy it is probable 
that at least the basal part of the Matawan 
formation, which overlies the Magothy in the 
northern Coastal Plain, is also to be correlated 
with the Eutaw formation, as I understand 
the invertebrate faunas also indicate. 

Comparisons between the Eutaw flora and 
that of the Upper Cretaceous of Texas, Kansas, 
and the Roclcjr Mountain province are more 
vague. The Eutaw is obviously younger than 
the Woodbine, as the comparison of the Wood- 
bine with the Tuscaloosa has clearly indicated. 
(See p. 41.) The Eutaw undoubtedly repre- 
sents a part of the Dakota flora, but beyond 
this statement the evidence is not specific 
enough. One fact stands out very clearly — 
the Eutaw flora has nothing in common with 
and is decidedly older than the Montana floras 
of the Rocky Mountain province, the strati- 
graphic succession necessitating a suggested syn- 
chronism with part of the Dakota sandstone 
and part of the Colorado group of the West. 

The Eutaw flora also has nothing in common 
with the abundant Senonian floras of Europe, 
and whatever may be the conclusions drawn 
from a study of the invertebrate f aimas of the 
overlying beds of the Eutaw, I have no hesi- 
tation in afiirming that the flora foimd in its 
basal beds is pre-Senonian in age. 

COSBSLATION OF THE BIPLEY FLORA. 

The flora found in the Ripley formation is 
so scanty, including only 21 identifiable species, 
of which 8 are new and confined to these beds, 
that aocurate correlation is impossible. 

The following 8 species, Araucaria hladenr 
ensis, Araucaria jeffreyi, Halymenites major, 
Malapoenna JiorreUensis, Eucalyptus angusta, 
Doryanthites cretacea, Myrda havanensis, and 
Manihotites georgiana, are survivors from the 
Eutaw, and all of these but the Myrda, Haly- 
menites, and Eucalyptus are common to the 
Black Creek formation of the Carolinas, and 
two of them Araucaria hladenensis and Dory- 
anthites cretacea, occur in the Magothy forma- 
tion of the northern Coastal Plain. 
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The following species come from the lower 
beds of the Ripley formation : 

Andromeda novaecaesareae Hollick. 
Araucaria bladenensis Beiry. 
Araucaria Jeffrey! Berry. 
Ctmninghamites elegans (Corda) Endlicher. 
Doryanthites cretacea Berry. 
Dryopteiitee stephensoni Berry. 
Eucalyptus angusta Velenovsky. 
Ficufl georgiana Berry. 
Blanihotites georgiana Berry. 

This list is of considerable significance, be- 
cause all but the new species of Dryopteriies 
and Picus occur in the Black Creek formation, 
the first, second, and fourth are common to the 
Magothy formation, the first and sixth occur 
in the Tuscaloosa formation, and the first and 
seventh go back as far as the uppermost part 
of the Raritan. 

The flora of the upper beds of the Ripley 
formation, though it consists of only Dryo- 
phyUum gracUe, CissiUs crispuSf Sterculia snowii 
tennesaeensiSf Cinnamomum sp., Malapoenna 
horreUensiSf Eugenia f anceps, HalymenUes ma- 
jor, Manihotites georgiana, BoAihinia ripley- 
ensis, Myrcia havanensis, Myrica ripleyensis, 
Platanus sp., and SdbalUes sp., has little in 
common with the flora of the lower Ripley, 
and only three of these species afford a point 
of contact with older floras, the Manihotites, 
Myrcia, and Malapoenna making their appear- 
ance in the Eutaw. 



Still another element of contrast is furnished 
by the presence in the upper Ripley of Cowikee 
Creek of the representatives of four other spe- 
cies, not specifically determinable but appar- 
ently unlike any of the older floras with which 
I am familiar. Thes^ were designated as Fern 
(undeterminable), Laurua? sp., Salixf sp., and 
Sapindust sp. 

It* seems evident, in spite of the meager 
paleobotanic data, that the striking change in 
our eastern Upper Cretaceous floras, if there 
really was a striking change, which may well 
be questioned, took place after the deposition 
of the Cusseta sand member of the Ripley 
formation. It might perhaps be clearer to say 
that in the flora of the Ripley deposits above 
the Cusseta sand member all close similarities 
with earUer Cretaceous floras had been elim- 
inated. One of the Ripley species, Cunning- 
hamites elegans, and the dubious HalymenUes 
major, are present in the flora of the Montana 
group of the West. 

DISTRIBUTION OP THE TUSCALOOSA, EUTAW. 

AND RIPLET FLORAS. 

Details of distribution both within and out- 
side the eastern Gulf area for all the units of 
the Tuscaloosa, Eutaw, and Ripley floras are 
assembled in the appended table. 
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THE FLORAS. 
Phyluin THALLOPHTTA. 

Class FUKGI. 

Order PTBSNOMTCETSS. 

Oenus SPHASSITSS linger. 

[Genera et species plantarum fossiliiim, p. 37, 1S50.] 

Spliaerite6 alabamensis Berry, n. sp. 

Plate V, figure 1. 

When viewed megascopically these remains 
appear as elliptical or circular spots from 1 
to 1.5 millimeters in diameter, each containing 
several darker dots which represent the spore 
groups. The margins of the leaf spots are well 
marked and not diffuse. 

Sfhaerites (dahamensis was foimd in abun- 
dance upon various leaves, including those of 
Platanus sJiirUyensis Berry. It is plainly con- 
generic with the forms usually referred to this 
genus and very similar to 8, problemoHcus 
(Knowlton) Knowlton from the Dakota sand- 
stone of Kansas and S. rarUanensis Berry from 
the Raritan formation of New Jersey. S. prob- 
lenuUicuSf however, is more irregular in outline 
and infests Sterculia, which is not the host of the 
Tuscaloosa species. 

A great variety of fungi have the habit of the 
present form and produce leaf spots in the 
higher plants. As the microscopic characters, 
particularly of the spores, are relied upon for 
specific differentiation, the correct determina- 
tion of fossil forms of this sort is impossible, 
and the name chosen must be regarded as con- 
stituting a purely form genus. Though re- 
mains of this sort are of Uttle botanic interest, 
except to a certain type of narrow specialists, 
they have a considerable biologic significance 
in the evidence which they afford of the exist- 
ence during the mid-Cretaceous of fungi of 
this order. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Glen Allen, Fayette Coimty; gully in 
the Tuscaloosa, Tuscaloosa County, Ala. 

Collections: U. S. National Museum. 

Phylnm BSTOPHTTA. 

Class HSPATICAE. 

Order JT7NGEBMANNIALSS. 

Qenns JUNGEBMANNITES Goeppert. 
Jimgemiannltes cretacens Berry, n. sp. 

Plate V, figures 2, 3. 

Thallus creeping, foUose, dorso-ventral, with 
a stout flexuous axis that bears on its upper 

65628*^—19 4 



surface crowded overlapping ovate orbicular 
lobes of considerable consistency and about 2 
miUimeters or slightly less in length. 

This unique form is unfortimately repre- 
sented by only three specimens, two of which 
are figured. These have been submitted to 
Prof. A. W. Evans and Dr. M. A. Howe, au- 
thorities on the Hepaticae. Prof. Evans dis- 
sents from my opinion that the specimens 
represent a Cretaceous Uverwort. Dr. Howe, 
not forgetting that the remains are problematic, 
sees a strong superficial resemblance to certain 
foliose and subfoliose liverworts, as for example, 
the genus Chiloscyphus of our Southern States 
or the tropical genus Noteroclada, 

It must be admitted that the remains are 
not conclusive, but I know of no vegetative 
characters that can be shown by a fossil hepatic 
that are conclusive. They certainly impress 
the general student, who is less f amilar with the 
details of the living Hepaticae where complete 
material is available and who therefore does 
not expect impossible feats of preservation, as 
remarkably like existing foUose liverworts. 
Undoubted thalloid liverworts are well known 
in the Mesozoic, although represented by scant 
materials. Foliose forms are much rarer. 
Saporta ^ has described what he thinks is such 
a form from the Lower Cretaceous of Portugal 
as JungermannUes vetustior. There are several 
Tertiary species, including well-preserved and 
conclusive material from the Baltic amber. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Thylam PTERIDOPHTTA. 

Order BQUISETALES. 
Genus BQT7ISSTXJM Liim€ 

Eqiilsetiim? sp. Berry. 

A small fragment of what appears to be the 
stem of an Equisetum occurs in the coUections 
from the big gully on the Snow place in Tusca- 
loosa County, Ala. It is 3.5 centimeters long 
and about 3 millimeters in diameter, with 10 to 
12 prominent ribs. Nodes about 6 miUimeters 
• apart. 

The material is entirely insuflScient for 
specific characterization but is of interest as 
indicating the probable presence of this type of 
plant in the Tuscaloosa flora. The New Jersey 
Raritan species Carpolithua pruniformis New 

1 Saporta, Gaston de, Flore fbssUe du Portugal, p. 123, pi. 23, fig. 14, 
18M. 
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berry ^ ako probably represents fossilized 
Equisetum tubers. 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place, Tuscaloosa County,- Ala. 

Collection: U. S. National Museum. 

Order LTCOPODIALES. 

GenuB LTCOPODIUM Liim€. 

Lycopodium cretaceum Berry? 

Lycopodium cretaceum Berry, Am. Jour. Sci., 4th ser., vol. 
30, p. 275, figs. 1-6, 1910. 

These remains consist of fruiting spikes, 
loosely imbricated, of modified foliage leaves 
or bracts. The largest spike seen, which is 
nearly complete, is 5 centimeters in length and 
5 millimeters in diameter, and is probably 
somewhat flattened, the bulk of the specimens 
indicating somewhat smaller dimensions. Axis 
stout. Bracts several-ranked, peduncled, with 
a cordate or retuse base and an abruptly nar- 
rowed, acute, recurved apex, with an entire 
margin, each bract subtending a large sphe- 
roS!lB;>orangium which maT^ibl^be Li- 
form, although as preserved in the form of im- 
pressions in the clay it appears to be globular. 
There is considerable variation in size, the 
shorter and smaller spikes being less crowded 
and somewhat lax in appearance. 

I have described this species from rather 
abundant and relatively well preserved mate- 
rial found in the Middendorf arkoee member 
of the Black Creek formation of South Carolina, 
a somewhat later (Cetaceous horizon than the 
occurrence here discussed, which is based 
upon poor material that was collected at 
Shirleys Mill from the lower part of the Tus- 
caloosa formation and is queried because of 
its unsatisfactory character. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Glen Allen, Fayette County, Ala. 

Collections: U. S. National Museum. 

Qenus LTCOPODITES Broncniart. 
Lycopodites tuscaloosensis Berry, n. sp. 

Plate V, figures 4-7. 

Slender, elongated fruiting axes, bearing 
relatively distant, spirally arranged, short and 
stout, acuminate and often recurved bracts, 
each subtending an axillary sporangium of 
considerable size. 

The axes vary in diameter from 0.5 milli- 
meter to 2 millimeters, and some are pre- 

» Newberry, J. S., The flora of the Amboy dajrs: U. 8. Oeol. Survey 
Mod. X, p. 133, pi. 46, fig. 42, 1896. 



served for a length of 8 centimeters. The dis- 
tance between successive bracts ranges from 3 
to 6 millimeters, averaging nearer the smaller 
than the larger figure. The bracts are short 
and stout, curved or recurved, slightly flat- 
tened and sharply pointed. The supposed 
sporangia are badly preserved and are com- 
monly wanting. They are ovoid in outline, 
broadest proximad, and are about 2 millime- 
ters in diameter. They appear to be of con- 
siderable consistency and some specimens 
show longitudinal angles suggesting a com- 
parison with the recent genus PsUotum. 

These curious fossils are exceedingly abun- 
dant in the clays of the basal part of the Tus- 
caloosa formation at the Shirleys Mill locaUty, 
occurring sparingly at Glen Allen. Only two 
possible relationships can be suggested — one 
that they represent some angiospermic fruit 
axes and the other that they are lycopodi- 
aceous. The evidence from the specimens, 
which are fairly well preserved, does not lend 
any support to the former view. I believe 
that the latter view is conclusive, although 
naturally their preservation as impressions in 
clay leaves much to be desired. I was at 
first disposed to refer them to PsUotites, but 
there is no positive evidence that the sporangia 
were bilocular or trilocidar, imless their angled 
exterior may indicate that they were com- 
poimd, and this feature may be due to com- 
pression of a sporangium, of considerable con- 
sistency, such as these were. There is cer- 
tainly a flexing of the axis and a slight swelling 
at the base of the sporangium that reminds one 
of PsUotumy but the subtending bract is simple 
and not forked as in PsUotumj although it is 
of the relative proportions and shape of a single 
fork of a PsUotum bract. Some of the axes 
without traces of sporangia are comparable to 
the main axes of Psilotum with reduced 
leaves, and there are no other indications of 
foliar parts in the fossils. The arrangement 
and spacing of the parts are distinctly more 
open than in any recent lycopodiums known 
to me, the supposed foliage is much more 
reduced, and the sporangia are relatively 
larger. 

It is possible that the fossil represents an 
early Upper Cretaceous type intermediate in 
habit between Lycopodium and Psilotum, I 
know of no described fossils with which close 
comparisons can be made. The only similar 
form is that based on remains from the Ceno- 
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manian of Bohemia, which were identified by 
Velenosky* as fruit twigs of a Myrica^ an 
identification which is very doubtful. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill (conunon) and Glen Allen (rare), Fayette 
County, Ala. 

Collection: U. S. National Museum. 

Order FIIJCALES. 

FimUy POLTPODIACSAS. 

Oentis CLADOPHLEBIS Brongniart. 

Cladophlebis alabamensis Berry, n. sp. 

Plat© V, figuro 8. 

This species is based upon a single ultimate 
pinnule of a fern of the CladoplUeiis type, 
which therefore fails to shed any light on the 
character of the frond as a whole, or on the 
shape of the normal pinnae and pinnules of 
the proximal part of the frond. It may be 
characterized as follows: Frond certainly bi- 
pinnate and probably tripinnate. Normal 
pmnae probably made up of numerous lanceo- 
late falcate pinnules, each attached by its 
entire base. Pinnae pass distad into pinnati- 
fid pinnules like the specimen preserved. 
These ultimate pinnules are linear-lanceolate 
in outline, about 3 centimeters in length and 
4 millimeters in greatest width. The texture 
is coriaceous and the midrib stout. The mar- 
gin is cut to form subopposite to alternate 
aquiline pointed lobes separated nearly to the 
midrib proximad but becoming gradually ob- 
solete distad. The secondaries are fine and 
show for each lobe the typical venation of a 
normal Cladophlehia pinnule — that is, a mid- 
rib which sends oflf on either side at acute 
angles simple or dichotomously, once-forked 
veinlets which run directly to the margin. 

This species is clearly distinct from previ- 
ously described forms, although it suggests 
various Lower Cretaceous species, as, for ex- 
ample, Cladophlebis alherisiif C, hrowniarui, 
C, ungeri, and C, parvCy all of which have 
similar ultimate pinnules. It is closest per- 
haps to C Irovmiana and C. parva, both of 
which range from the bottom to the top of the 
Lower Cretaceous in the Maryland-Virginia 
area. There is a certain resemblance to various 
Cretaceous species that have been referred to 
the genus Gleichenia, but this resemblance is 
boUeved to be purely superficial. 

* VeleDovsky, Josef, Die Flora der bOhmischen Kreideformation, pt 
3| p.ll, pL 5, figs. 9-12, 1883. 



Cladophlehis is essentially a form genus which 
is restricted at the present time to include only 
certain fern remains of Mesozoic age, although 
this type of frond is practically identical with 
those of some Paleozoic genera, as, for example, 
PecopteriSy and it can tdso be closely matched 
by a variety of Tertiary and Uving ferns. 

Cladophlebis was proposed by Brongniart* 
in 1849 for those species which formed his sec- 
tion Pecopteris neuro pier aides j^ which he re- 
garded as transitional between Pecopteris and 
Neufopteris. Certain of their characters were 
mentioned, but no formal diagnosis was at- 
tempted. The genus has been characterized 
by Saporta,* Schimper,* Seward,* and the pres- 
ent writer.^ 

Much difference of opinion has prevailed re- 
garding the unity and the systematic position 
of the genus, Saporta ' having long ago pointed 
out that Brongniart's Paleozoic species had 
nothing in common with those of the Mesozoic, 
and that the Liassic and Oolitic forms, those 
which the former author was discussing, give 
evidence of common characters. At the pres- 
ent time evidence is still lacking from such 
fructified remains as have been discovered of 
close relationship between all of the various 
species of Cladophlebis. Thus Heer discovered, 
in the Siberian Jurassic, fragments of the type 
of C. whiibyensis with soral characters which 
he compared with those of Diplazium, a sub- 
genus of Asplenium,* and Schenk has figured 
fertile pinnules of the same type in the allied 
Asplenites roesserti.^^ Certain sepcimens of the 
Jurassic species C. lobifolia show that the spo- 
rangia in this species were apparently borne in 
semicircular ]>ocket-hke depressions on the 
edges of the fertile segments," whereas the 
fructifications of C. derUicvlaia are in the form of 
narrow, oblong sori parallel with the secondary 
veins and are compared by Seward ** with the 
modem forms Asplenium litgubre and Phegop- 
teris decussata. In his latest work on this 



> Brongniart, Adolphe, Tableau des genres de v4g^taux, p. 25, 1849. 

• Brongniart, Adolpbe, Ilistoire des vdg^taux fossiles, p. 320, 1828. 

• Saporta, Gaston de, Paltontologiefran9&i86> ser. 2, V^taux, Plantes 
orasslqiies, vol. 1, pp. 298, 299, 1873. 

» Schimper, W. P., Trait* de paltentologie v^tale, vol. 3, p. 608, 
1874. 

• Seward, A. C, Wealden flora, pt. 1, p. 88, 1894. 

» Berry, E. W., Maryland Oeol. Survey, Lower Cretaceous, p. 239, 

1911. 

• Saporta, Gaston de, op. cit., vol. 4, p. 357, 1888. 

• Heer, Oswald, Flora fossills arctica, vol. 4, p. 38, pi. 21, figs. 3, 4, 1877. 
. 10 Schenk, August,Die fosslle Flora der Orenzsehichten dM Keupers und 

Lias Frankens, p. 51, pi. 7, flgs. 7, 7a, 1867. 
" Seward, A. C, The Jurassic flora, pt. 1, flg. 23, 1900. 
IS Idem, p. 141. 



62 UPPER CRETACEOUS FLORAS IN TENNESSEE, MISSISSIPPI, ALABAMA, AND GEORGLA. 



subject he states that ** there are fairly good 
grounds for the assertion that some at least o^ 
the fronds described under this name are those 
of Osmimdaceae.''* Zeiller* in 1910 described 
a species from the Wealden of Peru which he 
-considers identical with or very close to C- 
hrowniana, in which the sporangia are biseriate, 
oval, and annulate as in the Schizaeaceae. 
These species are said to be very like those of 
the Jurassic genus KluJcia of Raciborski. 
In 1890 Fontaine described 14 so-called species 
of Aspidium Swart z [Dryopteris Adailson], 
mostly fertile fronds from the Lower Creta- 
ceous flora of the Potomac group. These 
leaves showed mostly large eUipticai or reni- 
form-sori in rows on each side of the midvein, 
and located generally on the distal 'branch of a 
furcate vein, usually wanting in the apical 
part of the pinnule. These species were com- 
pared by this author with modem species of 
Aspidium, Cystoperisj Polystichumj and Didy- 
mochlaena. By careful comparison I have 
correlated the fertile specimens described as 
Dryopteris with the sterile Cladophlebis fronds 
of the same species in five of the types that are 
represented in the Potomac flora by sterile and 
fertile fronds.' 

Though the foregoing facts are not in unison 
in r^ard to the systematic position of Clado^ 
pJdehis they all point to the inclusion of the 
American species in the family Polypodiaceae, 
or what answered to this family in Lower Cre- 
taceous time. It is quite possible that ferns 
of more than one subfamily of. the Polypo- 
diaceae, or, indeed, of other families, are in- 
cluded among the various described species of 
CladopJiIebis. It need but be remembered how 
many unrelated modem ferns have fronds of 
the Cladophlebis type, as, for example, certain 
species of AlsophHaj Asplenium, Cyaihea, Dry- 
opteris, Gleichenia, Onoded, Osmunda, Poly- 
podium, and Pteris, to cast doubt upon the 
botanic aflinity of CladophJebis species imless 
these are attested by a considerable body of 
evidence. 

A larger nxmiber of species of CladopUebis 
have been described, of which two species, 
according to Arber, occur in the "Permo- 
Carboniferous^' of India. The genus appears 
in force in the Keuper and Rhaetic, with more 
than a dozen recorded species. Over a score 

» Seward, A. C, Fossil plants, vol. 2, p. 345, 1910. 
« Zclller, C. U., Compt. Rend., vol. 150, p. 148S, 1910. 
« Berry, E. W., op. clt., p. 239. 



are recorded during the Jurassic, certain types, 
such as C. denticulata, apparently becoming 
world-wide in their distribution. For the 
Lower Cretaceous Saporta has founded a large 
number of species based upon Portuguese ma- 
terial, and Fontaine has instituted a still larger 
nxmiber of American species. From the Poto- 
mac group of Maryland and Virginia the latter 
author recorded 23 different species, besides 
several varieties of Cladophlebis, all of which I 
have recently revised to form eight legitimate 
species.* 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place, Tuscaloosa Coimty, Ala. 

Collections: U. S. National Museiun. 

Qenns DSTOPTSBITSS Beiry. 

Dryoplerites stephensoiii Berry. 

Dryopterites sUphtMoni Berry, U. S. Geol. Survey Prof. 
Paper 84, p. 103, pi. 17, figs. 1, 2, 1914. 

Fronds bipinnate or possibly tripinnate. 
Pinnules thick in texture, ovate or lanceolate 
in outline, ascending, merging toward the apex 
of the pinnae. A single vein enters each pin- 
nule, branching from the rachis at an extremely 
acute angle and immediately breaking up into 
three branches, the upper usually remaining 
simple and running to the upper margin, the 
lower usually forking once and running to the 
lower lateral margin, and the middle dividing 
four or five times to form the main vascular 
system of the pinnule, the distal branches tend 
to remain simple and the proximal usually fork 
once. The Alabama specimens are infested 
with a leaf-spot fungus which simulate sori. 

This species was recently described by me 
from the Upper Cretaceous of Georgia. It is 
quite distinct from any forms known from the 
Upper Cretaceous but suggests a comparison 
with various previously described forms, as, for 
example, the fern remains described by Debey 
and Ettingshausen from Aachen (Senonian) on 
the Prussian border as Pteridolemma gymno- 
mchis.^ Other forms which show a superficial 
resemblance to the one under consideration are 
those described by Kemer from Lfesina, Dal- 
matia (Cenomanian), as various species of 
Pa^hypt^ris,^ 

Still other fern remains described as SpTte- 
nopteris greviUoides Heer,' GreviUea tenera Vele- 

< Berry, E. W., op. dt., p. 239. 

* Deb«y, M. H., and Ettingshausen, C. von, K. Akad. Wlss. Wien 
Denkschr., vol. 17, p. 234, pi. 7, figs. 21, 22, 1859. 

* Hemer, F., K.-k. geol. Relchaaostalt Jahrb., vol. 45, pp. 39 et seq., 
1895. 

' Heer, Oswald, Flora fossilis arctica, vol. 3, pt. 2, p. 34, pi. II, figs. 10, 
11, 1874. 
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novsky/ and Thyrsopteria greviUoides HoUick,' 
and which range from the Kome beds of Green- 
land to the Upper Cretaceous of Marthas Vme- 
yard (Magothy formation), are suggestive qf 
the present fern in general aspect but are seen 
to differ both in outline and venation when care- 
ful comparisons are made. The modem genus 
Dryopteris Adanson (Aspidium Swartz) is com- 
posite and has between 400 and 500 species of 
wide geographic distribution in the existing 
flora. Fossil species, which were set apart 
from the modern genus as the genus Dryopter- 
iUs by the writer in 1911, have been described 
from the Lower Cretaceous upward, the Upper 
Cretaceous records including Dryopteris oerstedi 
(Heer) Knowlton, from the Atane and Patoot 
beds of Greenland, and Pryopteris Jcennerleyi 
(Newberry) Knowlton, from Vancouver Island, 
neither of which appears to be closely related 
to the present plant. The form identified as 
Dryopteris oerstedi from the Patapsco formation 
of Vii^inia is Cladophiebis browniana. 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place, Tuscaloosa County, Ala. 
(collected by W. M. Fontaine). Ripley forma- 
tion (Cusseta sand member), cut on the Central 
of Georgia Railway, 1^ miles northeast of 
Byron, Houston County, Ga. (collected by L. 
W. Stephenson). 

Collections: U. S. National Museimi* 

Genns ASPLENIUH Liim6. 
Aspleiiiiiiii dkksonlaniiiii Heer. 

A$plcnium dicktonianum Heer, Flora fosailis arctica, vol. 

3, pt. 2, p. 31, pi. 1, figs. 1-5, 1874; idem, vol. 6, 

pt. 2, pp. 3, 33, pi. 2, fig. 2; pi. 32, figs. 1-8, 1882. 
Dawson, Roy. Soc. Canada Trans., vol. 1, sec. 4, p. 11, 

1883; idem, vol. 3, sec. 4, p. 5, pi. 3, ^, 1, 1885; 

Canada Geol. Survey Ann. Kept., new ser., vol. 1, 

p. 76, 1886; idem, vol. 10, sec. 4, p. 91, 1892. 
Lesquereux, The flora of the Dakota group, p. 24, 

pi. 1, fig. 1, 1892. 
Newberry, The flora of the Amboy clays, p. 39, pi. 1, 

figs. 6, 7; pi. 2, figs. 1-8; pi. 3, fig. 3, 1896. 
Ward, U. S. Geol. Survey Nineteenth Ann. Rept., pt. 

2, p. 704, pi. 170, fig. 1, 1899; Jour. Geology, vol. 2, 
pp. 259, 261, 1894. 

Fontaine in Ward, U. S. Geol. Survey Nineteenth 

Ann. Rept., pt. 2, p. 664, pi. 162, figs. 6-8, 1899 (not 

Fontaine, 1888). 
Kurtz, Contribudones d la palaeophytologfa aigen- 

tina, III: Rev. Museo La Plata, vol. 10, p. 49 (1899), 

1902. 
Berry, Torrey Bot. Gub Bull., vol. 38, p. 409, 1911; 

New Jersey Geol. Survey Bull. 3, p. 68, pi. 5, figs. 

3, 4, 1911. 

'VeleooTsky, Josef, Die Flora der Mhmischen Kreddeformation, 
Thcil 4, p. 11, pi. 7, figs. 9, 14, 16, 1885. 

« Honick, Arthur, U. 8. OeoL Survey Mon. 50, p. 31, pi. 1, figs. 10-13, 
1W7 



This species was described by Heer in 1874 
from the Kome beds (Lower Cretaceous) of 
Greenland as follows : 

A. foliis triplicato-pinnatis, stipite firmo, rigido; pinnis 
primariis Becundanisque ovato-lancec^tiB, fnnnulifl an- 
guste lanceolatds, inferioribus acute serratis, superioribua 
integerrimiB, acutis. 

It was subsequently identified by Heer from 
the much later Atane beds (Upper Cretaceous) 
of Greenland; Dawson reported it from a num- 
ber of locaUties in the Kootenai formation 
(Lower Cretaceous) of British Columbia, and 
Fontaine and Ward described it from the: 
Lower Cretaceous of the Black Hills. It is 
also reported by both Lesquereux and Ward 
from the Dakota sandstone and by Kurtz from 
Argentina. It seems very doubtful if these 
specimens can all be the same plants and the 
geologic range alone suggests that the earlier 
and the later forms may be distinct. Tha 
Lower Cretaceous forms certainly suggest a 
relationship with those widespread types of 
sterile fronds variously identified as Thyrsop- 
teris or OnychiopsiSy and they may be compared 
with Onychiopsis goepperti (Schenk) Berry* 
Those of the Upper Cretaceous suggest Anemioi' 
rather than Asplenium and are much like an 
undescribed Anemia from the lower Eocene 
(Wilcox group) of the Mississippi embayment 
area, as well as the widespread Eocene species 
Anemia Jiaydenii (Lesquereux) and Anemia 
svhcretacea (Saporta) Gardner and Ettingshau- 
sen. However, in the absence of representa- 
tive material from the different horizons, it 
seems imwise to attempt any segregation at 
the present time, and the synonymy is cited 
in full for the use of some future student who 
may have access to enough material to enable 
him to make an accurate revision and segre- 
gation of this so-called species. Attention 
should also be called to its resemblance to the 
form occurring in the Upper Cretaceous of 
Greenland, the Raritan formation of New Jer- 
sey, and the Tuscaloosa formation of Alabama, 
which goes by the name of Dicksonia groen- 
landica Heer, although the ground for consid- 
ering it a Dicksonia is entirely inconclusive. 

In addition to the localities enumerated 
above the present species is abundant in the 
Raritan formation of New Jersey and Mary- 
land and material that is absolutely identical 
with the New Jersey Raritan material which I 
have seen, and with that from the Dakota 
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sandstone, occurs in the lower part of the Tus- 
caloosa. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

CoDection: U. S. National Museum. 

Fimily CTATHEACSAE. 

Qeiras DICKSONIA Presl. 

[Tentamen pteridographiae, etc., p. 135, 1836.] 

Dicksonia groenlandica Heer. 

Didtmnia groenlandica Heer, Flora foesills arctica, vol. 6, 

Abt. 2, p. 23, pi. 35, figs. 8, 9, 1882; idem, vol. 7, 

p. 2, pi. 48, figs. 1-3, 1883. 
Berry, New Jersey Geol. Survey Bull. 3, p. 66, pi. 4, 

fig. 1, 1911. 
Dtdbonta horealia Heer, Flora fossilis arctica, vol. 6, Abt. 

2, p. 23, pi. 44, fig. 2, 1882 (not 2). horealxB Heer, 

1878, a very different Jurassic species). 
Sequoia heteropkylla Velenovsky, Ward, in Smith, E. A., 

On the geology of the Coastal Plain of Alabama, p. 

348, 1894 (not Velenovsky). 
Anemia stricta Newberry, The flora of the Amboy clays, 

p. 38, pi. 3, figs. 1, 2, 1896. 

Heer's description, published in 1882, is as 
follows: 

D. foliis bipinnatis, pinnulis erectis, oblongo-lanceolatis, 
bad attenuatis, integerrimis, nervis subtilissimis, nervillis 
angulo acuto egredientibus, erectis. 

Both of Heer's types,which are here united 
with Newberry's species, are small fragments 
of ultimate pinnae, which their author con- 
fesses are very similar, a fact well brought out 
by a comparison of the figured specimens. 
The material from the middle part of the Rar- 
itan formation at Woodbridge, N. J., is more 
ample, and, as may be seen lower down on the 
frond, the pinnules become toothed and finely 
pinnatifid, a feature not seen in the Greenland 
material. There is slight reason, however, for 
doubting their identity. Newberry himself 
pointed out that the Dicksonia horealis of 
Heer was probably identical with his species 
from New Jersey. Although common at 
Woodbridge, N. J., this species has not been 
foimd elsewhere in the Coastal Plain except in 
the Tuscaloosa formation of Alabama. It is 
present in both the Atane and Patoot beds of 
Greenland. 

In Alabama it does not appear to be com- 
mon, and the specimens are rather fragmentary. 
In this State it is distinguishable with difficulty 
from Sequoia JieterophyUa, which is also present 
in the Tuscaloosa formation and with which 
Ward confused the present species. The two 
species are easily and sharply distinguished by 
the great difference in the characters of their 
venation. 



Occurrence : Tuscaloosa formation, upper ra- 
vine and big guUy on. the Snow place, Tusca- 
loosa County; Shirleys Mill, Fayette County, 
AJa. 

Collections: U. S. National Museum. 

FamUy GLEICHENIACSAE. 

Qenns GLEICHENIA Smith. 

Glekhenia delicatvla Heer. 

Gleithenia delicatula Heer, Flora fossilis arctica, vol. 3, Abt. 
2, p. 64, pi, 9, figs, lie, f; pi. 10, figs. 16, 17, 1874; 
idem, vol. 6, Abt. 2, p. 9, 1882. 
Velenovsky, Die Fame der bdhmischen Kreide- 

formation, p. 7, pi. 3, figs. 12-14, 1888. 
(?) Hollick, Torreya, vol. 2, p. 147, pi. 3, fig. 4, 1902. 
GleuJienia micromera Heer. Newberry, The flora of the 
Amboy clays, p. 36, pi. 3, fig. 6, 1896. 
Berry, New Jersey Geol. Survey Bull. 3, p. 66, 1911. 

Heer^s description, published in 1874, is as 
follows: 

Gl. fronde gracillima, dichotoma, bipinnata, rachi 
tenuissima, pimiis approximatis, patentibus, linearibus, 
pinnulis minutissimis, rotundatas. 

This species is a very delicate and handsome 
type, with tiny rounded coriaceous pinnules 
close set and united to the rachis bv their 
entire base, and with elongated linear pinnae 
not over 1 millimeter to 1.5 millimeters in 
width. It is separated with difficulty from 
the contemporaneous small pinnuled gleiche- 
nias, especially if the material comprises only 
the distal portions of the pinnae of these other 
forms. It was described from the Kome beds 
(Lower Cretaceous) of Greenland bv Heer in 
the third volume of his Arctic Flora, where it 
is immediately followed by the description of 
Gleichenia micromera, which may represent 
the same plant, the sole stated diflFerence being 
the ovate shape of the pinnules of G. microi^era, 
which are not united to the rachis by their 
entire base. The occurrence of Oleichenia 
micromera in the Raritan is based upon the 
misidentification by Newberry of fragmentary 
specimens that are identical with those from 
the Tuscaloosa formation of Alabama. Both 
specimens have their pinnules imited by their 
whole base and therefore belong to Gleichenia 
ddicaJtvUa as defined bv Heer. Similar re- 
mains are present in the Upper Cretaceous of 
the Cumberland coal field in Wyoming, ac- 
cording to Knowlton. They have also been 
reported in considerable abundance from the 
Cenomanian of Bohemia by Velenovsky. 

The genus Gleichenia (including Dicranojh 
teris) is a most interesting one. In the hving 
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flora it has about 25 species, widely distributed 
throughout the tropics of both hemispheres, 
subtropical eastern Asia, and the humid 
r^ons of the southern zone. The fossil 
species are equally numerous and widespread. 
Aside from those forms from the Paleozoic 
and older Mesozoic which have been referred 
to the Gleicheniaceae, which reference is not 
conclusive, the genus enjoyed a wide adaptive 
radiation dining the lower and middle Cre- 
taceous. In the Lower Cretaceous (Kome 
beds) of Greenland Heer has described 15 
species of Gleichenia, some of which reach 
the interior of North America, but none 
apparently occiu- in the Atlantic Coastal 
Plain. By the middle Cretaceous several of 
these Grreenland forms had become wide- 
spread, and identical species occur in such 
widely separated localities as Europe and 
Kansas, or Europe, Greenland, Wyoming, 
and New Jersey. Four of the Greenland 
species find their way south along the At- 
lantic Coastal Plain and four reach Europe, 
where several additional species have also 
been described. With the gradual change of 
Tertiary climates the Gleicheniaceae moved 
southward, the only American fossU species 
of that age beiog the doubtful Gleichenia 
obscura Knowlton from the Tertiary Es- 
meralda formation (Oligocene?) of Nevada. 
This southern movement probably continued 
until Pleistocene time, sending the Gleichenia- 
ceae into the West Indies, along the Andes into 
South America, along the eastern Asiatic 
coast, and across southern Europe into Africa. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

FimUy MABATTIACSAE (?). 

Genus MABATTIA Swartz(?). 

Marattia cretacea VelenoTsky (?). 

Marattia cretacea Velenovsky, Die Fame der bdhmischen 
Kreidefonnation, p. 9, pi. 1, fig. 13, 1888. 

Velenovsky's description, published in 1888, 
is as follows: 

Frond large and long, with a finely toothed margin, 
dender midiib and numerous slender once or more dicho- 
tomously forked lateral veins. 

This species was described by Velenovsky in 
1888 from a single specimen found in the Per- 
ucer days near Melnik in Bohemia (Cenoma- 
nian). A small fragment indistinguishable from 



this specimen occurs in the clays of the Tusca- 
loosa formation at Glen Alien, Ala. It sug- 
gests very much the Lower Cretaceous remains 
usually referred to the form genus Taemopteris, 
as, for example, Taemopteris nervosa (Fontaine) 
Berry ^ from th^ Patuxent formation of the 
Atlantic Coastal Plain. The evidence for its 
reference to the genus Marattia is entirely in- 
adequate and inconclusive. 

Occurrence: Tuscaloosa formation. Glen Al- 
len, Fayette County, Ala. 

Collection: U. S. National Museum. 

Phylum SPEBMATOPHTTA. 

Class GTMNOSPEBMAS. 

Order CYCADALBS ( ?) . 

Qenas PODOZAHTTSS Filedxloh Bxann. 

Podoxamites margiiiatiis Heer. 

Plate VI, figure 1. 

Podozamites marginatus Heer, Flora foasilifl arctica, vol. 6, 
Abt. 2, p. 46, pi. 16, fig. 10, 1882 (not Berry, 1903). 

Newberry, The flora erf the Amboy clays, p. 44, pi. 13, 
figs. 5, 6, 1896. 

Berry, Torrey Bot. Club Bull., vol. 38, p. 410, 1911; 
New Jersey Geol. Survey Bull. 3, p. 74, 1911. 

Pinnules rather large, ranging from 15 to 20 
centimeters in length, variable in width, which 
ranges from 1.5 to 3 centimet^:^, the Tusca- 
loosa specimens being of minimum rather than 
maximum dimensions. Apex and base point- 
ed, the angle dependent on the width of the 
pinnules. Base somewhat thickened and more 
or less abruptly narrowed in wide forms. 
Veins parallel, very fine and numerous, 30 or 
more in number. Texture thin but probably 
coriaceous. 

This species was described by Heer from 
the Atane beds of western Greenland and was 
illustrated by a single rather poor figure. It 
was tentatively identified by Newberry from 
the middle part of the Karitan formation of 
Woodbridge, N. J. The Alabama form is cer- 
tainly identical with the New Jersey material, 
and the same species is present in the Karitan 
in Maryland. Whether these are identical 
with the type is not certain, although such 
identity is probable. I have recorded this 
same species from the Magothy formation of 
New Jersey,' but this material proves to be ref- 
erable to the subsequently discovered genus 

1 Berry, E. W., Maryland OeoL Survey, Lower Cretaceous, p. 293, pi. 
77, fig. 1, 1911. 

« Berry, E. W., New Yorfc Bot. Garden Bull., vol. 3, p. 99, pi. 46, 
figs. 1, 3, 1903. 
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DoryanlJiites of the Black Creek formation in 
North Carolina and homotaxial deposits in 
Georgia and Alabama. . 

Podozamites marginatus is exceedingly abun- 
dant at some outcrops near the base of the Tus- 
caloosa formation. It is represented to the 
exclusion of almost all other plant types near 
the top of the fossiliferous portion of the sec- 
tion in the big guUy on the Snow place. The 
remains, like most of those represented at this 
outcrop, are very badly macerated and must 
have been thoroughly decayed before fossUiza- 
tion, being much split between the veins. 
Similar distorted fragments were mistaken by 
Fontaine for Lower Cretaceous forms of Lari- 
copsis. The present species shows consider- 
able similarity to the Lower Cretaceous species 
Zamites tenuinervis Fontaine, which is so com- 
mon in the Patapsco formation of the Potomac 
River valley. 

Occurrence: Tuscaloosa formation, Soap Hill, 
Bibb County; Snow place, Tuscaloosa County, 
Ala. 

Collections: U. S. National Museum. 

Genus CTCADINOCABFUS Schimper. 

[Traits de pal^ontologie v^tale, voL 2, p. 208, 1870.] 

Cycadinocarpas circularis Newbeny. 

Cycadinocarpui dreularia Newberry, The flora of the Amboy 

clays, p. 46, pi. 46, figs. 1-4, 1896. 
Smith, E. A., On the giology of the Coastal Plain of 

Alabama, p. 348, 1894. 
Berry, New Jersey Geol. Survey Bull. 3, p. 79, 1911. 

Discoid fruits ahnost circular in outline from 
6 to 12 millimeters in diameter, sometimes 
slightly emarginate on one side at the point 
which Prof. Newberry believed to be the point 
of attachment but which is probably the distal 
micropylar extremity. As usually preserved, 
the impression shows two concentric circles 
1 to 2 millimeters apart, the inner representing 
the outline of the inner seed coat and the outer 
layer the slightly fleshy external coat. 

These fruits always occur detached and are 
present in considerable abundance in the middle 
part of the Raritan formation of New Jersey. 
Similar remains are recorded from the Tusca- 
loosa formation of Alabama, and they are also 
present in the Black Creek formation of North 
Carolina. As their name indicates, they are 
assumed to represent the fruit of some con- 
temporaneous species of cycad. 



Occurrence: Tuscaloosa formation, Glen 
Allen, Fayette County, Ala. 
CoUection: U. S. National Museum. 

Order CONIFXRALES. 

Qenns CEPHALOTAXOSPKBMTJM Berry. 

Cephatotaxoepermnm caroliniaBiim Berry. 

CephcUotaxospermum carolinianum Berry, Torrey Bot. Club 
Bull., vol. 37, p. 187, 1910. 

Drupaceous fruits solitary (?), sessile, or 
with an extremely short and stout peduncle, 
ovid, somewhat pointed apicaHy and inclined 
to become slightly cordate below, consisting of 
an outer fleshy layer and an inner bony layer, 
as in the Cycadales and Oinkgoales; the surface 
mammillated much as in the Podocarptbs elan- 
gata but less markedly so. Bony endocarp 
ovate-acuminate, immersed in the apical part 
of the exocarp. Evidently the drupaceous 
fruits of some Cretaceous member of the 
Taxaceae, which finds its closest homology in 
the recent flora in the fruits of CepT^qiotaxTis 
and certain species of Podocarpus. These 
drupes have the foDowing dimensions, as pre- 
served in a much flattened condition: Length 
6 to 13 millimeters, averaging about 10 milli- 
meters; breadth 5 to 10 millimeters, averaging 
about 8 millimeters; thickness about 3 milli- 
meters; fruit in life probably almost circular 
in cross section. Pedimcle short and stout, or 
wanting. Stone ovate-acuminate, lying in the 
apical part of the fleshy exocarp, with the 
beaked micropylar end reaching almost or 
quite to the apex. As preserved in a much 
flattened condition in the clays, these fruits 
tend to split into two parts, disclosing the 
bony endocarp or merely a cast of its cavity. 
The fleshy part of the fruit is carbonized and 
fails to show any histologic details. There is 
some evidence or at least a suggestion in some 
specimens of the remains of a micropylar canal. 
Away from the pointed apex, the exocarp is 1 
to 2 millimeters in thickness, reaching a thick- 
ness of 3 millimeters at the chalazal end. 

These fruits are very abundant at certain 
localities in the Black Creek formation in 
North Carolina, and they have been coUected 
in the extension of this formation near Flor- 
ence, S. C. In Alabama they have only been 
collected in the basal part of the Eutaw for- 
mation in Hale County. 
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Fruits referable to the Taxaceae are ex- 
tremely rare in the fossil state, as are also re- 
mains of foliage which can be referred with 
certainty to this family. Both Tumion and 
Cephatotaxopsis from the Lower Cretaceous 
of Maryland and Vii^inia are foimded upon 
foliage which seems referable with considerable 
certainty to this family, and these same strata 
in those States abound in 4iie foliage referred 
to the genus NageiopsiSf which seems to be 
closely related to PodocarpuSj so that there is 
considerable reason for expecting to find 
Upper Cretaceous representatiyes of the family 
in this same general r^on. Heer ^ described 
a leafy twig from the Patoot beds (Senonian) of 
Greenland, with a large solitary fruit which 
he called Cephalotaaites insignisj an identifica- 
tion which Solms-Laubach ' seems to consider 
probable. Bertrand* has described carbon- 
ized seeds from the Aachenien of Toumay, 
Belgiimi, imder the name of Vesquia tour- 
naissii, which he considers, because of the 
arrangement of the vascular bundles, as inter- 
mediate between Tumion and Cephalotaxtts, 
It certainly seems to be significant that re^ 
mains of this sort occur at nearly homotaxial 
horizons in America, Europe, and Greenland. 

None of the foregoing, however, are com- 
parable with the present forms, although 
certain indefinite remains described by Les- 
quereux as Inolepia sp.,* are remotely suggestive 
of them. It is not believed, however, that 
they are congeneric. 

The modem genus Cephatotaxus Siebold and 
Zuccarine, with four species, is confined to the 
China-Japan r^on, although it seems evident 
that it was much more widespread in former 
geologic times, and to it should probably be 
referred some of the leafy twigs included in the 
genus Taxites of Brongniart. Fruits of three 
species of CepTudotaxus, apparently identified 
correctly, are described by Kinkelin * from the 
upper Pliocene deposits of the Main Valley in 
Germany. The features which seem to indicate 
a closer relation with Cephalotaxus than with 

1 Heer, Oswald, Flora fossilis arctica, vol. 7, p. 10, pi. 53, fig. 12, 1883. 
> Solxns-Laubach, H., Fossil botany, p. 61, 1891. 

• Bertrand, C. E., Soc. bot. France Bull., vol. 30, p. 293, 1883. 

« Lesquereux, Leo, in Bayden, F. V., U. 8. Geol. and Geol. Survey 
Terr. Ann. Kept for 1874, p. 337, pi. 4, flg. 8, 1876; The Cretaceous and 
Tertiary floras, p. 33, pi. 1, flg. S, 1883. 

* Engelhardt, Hermann, and Kinkelin, T., Senckenberg. naturf. Gesell 
Abh., voL 293, p. 194, pL 23, flgs. 9-13, 1906. 



Podocarpus are the absence of the thickened 
peduncle of Podocarpus and the presence of 
foliage in the same beds with these seeds de- 
scribed by the writer as Tumion carolinianum • 
and which is of the same type as that of Cephon 
lotaxus. 

Occurrence: Eutaw formation (basal beds), 
2 miles south of Havana, Hale Ciounty, Ala. 

Collections: U. S. National Museum. 

Genus PBOTOI^HYLLOCLADTJS Bezry. 
[Torrey Bot. Club Bull., vol. 30, p. 440, 1903.] 

Protophyllocladus subintegrifolins (Lesquereux) Beiry. 

Phyllocladus suMntegrifolius Lesquereux, Am. Jour. Sd., 

2<l8er., vol. 46, p. d2, 1868; The Cretaceoua flora, p. 

54, pi. 1, fig. 12, 1874 ; The flora of the Dakota group, 

p. 34, pi. 2, figs. 1-3, 1892. 
ProtophyUocladtis subintegrifolius (Leequereux) Berry, 

Torrey Bot. Club Bull., vol. 30, p. 440, 1903; idem, 

vol. 31, p. 69, pi. 1, fig. 5, 1904 ; Johns Hopkins Univ. 

Circ., new ser.. No. 7, pp. 89-91, fig. 6, 1907; New 

Jersey Geol. Survey Bull. 3, p. 98, pi. 9, 1911. 
HoUick, The Cretaceous flora of southern New York 

and New England, p. 36, pi. 5, figs. 1-6, 1906. 
Tkinnfeldia letquereturiana Heer, Flora fossilis arctica, vol. 

6 Abt. 2, p. 37, pi. 44, figs. 9, 10; pi. 46, figs. 11, 12a, 

b, 1882. 
Hollick, New York Acad. Sci. Trans., vol. 2, p. 99, 

pi. 3, fig. 6, 1892. 
New^rry, The flora of the Amboy clays, p. 59, pi. 11, 

figs. 1-17, 1896. 
TkinnfelcHa mbintegrifolia (Lesquereux) Knowlton, U. S. 

Geol. Survey Bull. 152, p. 228, 1898. 
Hollick, New York Acad. Sci. Ann., vol. 2, pp. 68, 419, 

pi. 3, figs. 4, 5, pi. 36, fig. 6, 1898; New York Bot. 

Garden Bull., vol. 2, p. 403, pi. 41, figs. 13, 14, 1892. 

Leaves oblong to linear in outline and 
coriaceous in texture, from 3 to 17 centimeters 
in length by 0.6 centimeter to 3 centimeters 
in width. Apex usually obtuse, rarely pointed. 
Base decidedly and narrowly cuneate to the 
short petiole. Margins entire below, above 
obtusely dentate or imdulate, with a few teeth 
which are acute. Midrib stout below, becom- 
ing attenuated above and commonly disappear- 
ing some distance below the apex. Laterals 
numerous, close, immersed; they branch at an 
angle of about 20°, rimning nearly straight 
and approximately parallel to the margin, in 
places forking. Stomata scattered on both 
surfaces, with typical guard cells. 

• Berry, E. W., Am, Jour. Sci., 4th ser., vol. 25, pp. 382-386, flgs. 1-3, 
1908. 
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This widespread species ranges in considera- 
ble abundance from Greenland (Atane beds) 
to New Jersey (Raritan and Magothy forma- 
tions) and west to Kansas and Nebraska 
(Dakota sandstone). It was originally re- 
ferred to PhyUodadus by Lesquereux, and his 
type is ahnost identical with certain phyllo- 
clads of modem members of this genus. Sub- 
sequently discovered remains from Kansas are 
considerably larger than the type, as are also 
a number of the Greenland specimens. Some 
of the Raritan forms have a somewhat different 
aspect, being long and narrow; some of the 
margins are entire, but many of them are more 
or less sharply toothed. 

Much controversy has centered around these 
forms and especially around the older Mesozoic 
forms referred to the genus Thinnfeldia Ettings- 
hausen, to which these later forms were once 
referred. That genus has been referred succes- 
sively to the conifers, the ferns, and the cycads. 
There has never been much doubt that the 
later forms were gymnospermous. I can posi- 
tively aflSrm this conclusion, and also that they 
are true phylloclads and not leaves in the strict 
morphologic sense. 

Whether or not they are closely related to 
the modem genus PhyUodadus is still in doubt, 
although there are some excellent arguments 
for such a relationship. Though fossil remains 
of imdoubted relationship to PhyUodadus are 
extremely rare, Gothan^ has described wood of 
a similar type from the Jurassic of the east 
coast of Greenland under the name of PhyUo- 
dadoQcyJon. The present species has not here- 
tofore been found in the Coastal Plain south of 
the New Jersey area, being apparently replaced 
in the Magothy formation of Maryland by an 
allied species, ProtophyUodadus lobatus Berry,' 
which is a very abundant form in the Midden- 
dorf arkose member of the Black Creek forma- 
tion of South Carolina. The Alabama remains 
consist of scarce fragments of the proximal 
parts of phylloclads and may possibly represent 
ProtophyUodadus lobatus, although they are 
more like ProtophyUodadus subiTdegrifolius. 
Characteristic remains of the latter have re- 
cently been sent to me from Sakhalin Island 
by M. Kryshtofovich, a Russian paleobotanist. 

» Oothan, Walter, K. svenska Vet.-Akad. Handl., vol. 42, No. 10, 1907. 
« Berry, E. W., Torrey Bot. Club BuU., vol. 38, p. 403, 1911. 



Occurrence: TuscaJoosa formation, Cotton- 
dale, Tuscaloosa Coimty, Ala. 
Collection : U. S. National Musemn. 

Qenns CUMNiMGHAlCITSS Presl. 

Cnnninghainites elegans (Corda) Endlicher. 

CSinninghamia eUgans Corda in Reuss, Versteineningen 
der bOhmischen Kreidefonnation, pt. 2, p. 93, pi. 49, 
figs. 29-31, 1846. • 

CunninghamUes eltgant (Oofda) Endlicher, SynopsiB 
Coniferanim, p. 305, 1847. 
Berry, U. S. Geol. Survey Prof. Paper 84, p. 106, 1914. 

I have recently discussed the occurrence of 
this form in the Eastern Gulf Cretaceous in the 
paper cited. 

Occurrence: Ripley formation (Cusseta sand 
member), near Byron, Houston Coimty, Ga. 

Collection: U. S. National Museum. 

Qeims DAMMABA Lamarok. 

[Fncyclop^e m^thodique, vol. 2, p. 259, 1786.] 

Dammara borealis Heer. 

Dammara borealis Heer, Flora foesilis arctica, vol. 6, 
Abt. 2, p. 54, pL. 37, fig. 5, 1882. 

Velenovsky, Kv^tena ^eek^ho cenomanu, vol. 7, 
pi. 1, figs. 28, 29, 1889. 

Hollick, New York Acad. Sci. Trans., vol. 12, p. 31, 
pi. 1, ^. 17, 1892; New York Bot. Garden Bull., 
vol. 2, p. 402, pi. 41, fig. 6, 1902; The Cretaceous 
flora of southern New York and New England, 
p. 37, pi. 2, figs. 2-11 (part), 12-26 (part), 27a, 1907. 

Newberry, The flora of the Amboy clays, p. 46, pi. 10, 
fig. 8, 1896. 

Berry, New Jersey Geol. Survey Bull. 3, p. 80, 1911. 

(not named) Hitchcock, Final report on the geology 

of Massachusetts, vol. 2^ p. 430, pi. 19, figs. 4, 5, 1841. 

Heer's description, published in 1882, is as 
follows: 

D. strobilorum squamis coriaceis, radiatum sulcatis, 
22 mm. latis, apice obtuse rotundatis, apiculatis, basi 
attenuatis. 

Scalelike organisms from 1 centimeter to 2 
centimeters or possibly more in length, roimded 
distally and showing in some specimens a 
slightly emphasized apiculate point. Greatly 
expanded* laterally in the upper part to. a 
breadth reaching 2.5 centimeters, abruptly con- 
tracted at or about the middle to a cimeate or 
straight^margined flat peduncle about 5 milli- 
meters in width, with numerous resin canals, 
approximately parallel with the lateral margins 
and dying out proximad, filled with an amber- 
like substance. 
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Remains of this species were described and 
figured by Hitchcock in his accoimt of the or- 
ganic remains foimd at Gay Head, Marthas 
Vineyard, as long ago as 1841. He did not 
name them but remarks: ''It seems to me very 
obvious that these remains must be the seed 
vessels of some coniferous plants." In 1882 
Heer found similar forms in the material from 
the west coast of Greenland and named and 
described them, as well as two other very simi- 
lar forms, and definitely recognized their rela- 
tion to Dammara. Subsequently, they have 
been recorded from the European Cenomanian 
by Velenovsky, Krasser, and Beyer, from the 
Raritan formation of New Jersey by Newberry, 
and from Long Island and Staten Island by 
HoUick. They are abundant in the middle 
part of the Raritan at Woodbridge, N. J., and 
occur in the upper part of the Raritan (at the 
same horizon as the beds at South Amboy, N. 
J.) immediately across the Arthur Kill on 
Staten Island. 

The writer has found these scales in the Mata- 
wan formation of Maryland and in the Black 
Creek formation of North Carolina. They have 
not yet been detected in the Cretaceous de- 
posits of South Carolina or Georgia and are not 
conmion in the Tuscaloosa formation, the only 
known locaUty being the one cited from western 
Alabama where this species is very sparingly 
represented. 

Similar remains have been considered by 
Heer, White, Erasser, and others as repre- 
senting the fruits of Ev4xdypt'U8, but it seems 
obvious that their relations are definitely with 
the araucarian conifers. 

Occurrence: Tuscaloosa formation, upper ra- 
vine and big gully on the Snow place, Tusca- 
loosa County; Shirleys Mill, Fayette Coimty, 
Ala. 

Collections: U. S. National Museum. 

Qenus BBACHTPHTLLUM Bronfnimrt. 

[Prodrome d'une histoire dee v^g^taux Joasiles, p. 109, 

1828.] 

BrachyphyDiim macrocarpum formoeiun Berry. 

Plate V, figure 9. 

BrackyphyUum macrocarpum Berry, Torrey Bot. Club 
Bull., vol. 37, p. 183 (not Newberry, 1896), 1910. 

fBraehyphyUum macrocarpum Berry, idem, vol. 38, p. 
420, 1911. 



BrackyphyUum macrocarpum formosum Berr>% idem. vol. 
39, p. 392, pi. 30, 1912. 

Slender elongated twigs, pinnately branched, 
covered with medium-sized, crowded, appressed 
leaves, spirally arranged. Leaves blimtly 
pointed, relatively smooth, thick. 

In the consideration of the various specimens 
that have been referred to BrdcJiypJiyUum 
macrocarpum a very considerable variation 
within certain fixed limits is at once obvious. 
This variation is usually one of size, the more 
slender specimens being at the same time more 
elongated and smoother. This feature has 
been frequently noted by the writer and is 
conmiented upon by Knowlton,* who in dis- 
cussing the younger forms from Wyoming sug- 
gests that the species on the verge of extinction 
became smaller in its proportions. In study- 
ing the material from the South Atlantic and 
Gulf States I noticed a constant difference in 
size. This difference may reflect a slight dif- 
ference in climatic conditions, and all the 
forms may be interpreted as the variations of 
a single species; in fact, Newberry's figure from 
the Raritan formation in New Jersey * is 
approximately the same size as the forms from 
the Montana group of the West and is asso- 
ciated with the normal stout, club-shaped type. 
That the variety has no particular stratigraphic 
significance is indicated by its abimdance in 
beds as old as the lower part of the Tuscaloosa 
and its presence in the Woodbine sand of 
Lamar County, Tex. 

In general, however, the present variety 
occurs at later and more southern horizons 
than the type. This difference might be 
ascribed to the fact that only the slender 
terminal twigs are preserved, but such an 
explanation is regarded as improbable, for the 
same reasoning should hold good for the areas 
where only thicker twigs have been found. 

The remains are usually much macerated 
and broken, and the immediate cause for the 
recognition of a new variety was the discovery 
of a relatively large specimen from the Magothy 
formation of Maryland, which showed such 
striking unlikeness to the type that separation 
was demanded and specific differentiation was 

» Knowlton, F. H., U. 8. Geol. Survey Bull. 163, p. 29, pi. 4, figs. 5, 6, 
1900. 
« Newberry, J. S., U. 8. Geol. Survey Hon. 26, pi. 7, flg. 7, 1896. 
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even considered. In view, however, of the 
occurrence of both forms in association in 
Maryland and the well-known variation oi 
not only the type but of coniferous foliage in 
general, it seemed wiser to consider the present 
form as a variety of the type, which as time 
progressed supplanted it to a large extent, if 
not altogether. 

The new specimen from Maryland shows the 
terminal part of two approximately parallel 
and curved twigs, about 12 centimeters in 
length, united proximad. These twigs in their 
thickest portion are only 6 millimeters in 
diameter. At intervals of 3 to 5 millimeters 
subopposite lateral branches are given off in a 
pinnate manner. These branches are rela- 
tively much elongated, curved, and slender, 
averaging about 4 centimeters in length by 2 
millimeters in diameter, bluntly pointed, and 
not tapering to any appreciable extent. They 
have been occasionally observed to fork 
pseudodichotomously, and some of them give 
off toward their distal ends tiny lateral 
branchlets less than a centimeter in length and 
about a millimeter in diameter. 

The general proportions are thus decidedly 
different from the supposed parent type. The 
leaves are slightly smaller and smoother and 
somewhat more elongated in their relative pro- 
portions, at the same time lacking the apical 
papiUa and the convergent striae. The form 
is much more graceful than the type in ap- 
pearance and in its general aspect suggests the 
Lower Cretaceous genus Arihrotaxopsis of 
Fontaine. 

Though tiny species of BrachyphyUum like 
BrachypTiyUum microdadum Saporta, of the 
Neo-Jurassic, have been described, the new 
variety is even more slender than Brachy- 
phyUum gracUe Brongniart, of the Jurassic. 
The most closely allied form known appears to 
be one from the Albian of Buarcos in Portugal 
described by Saporta * as BrdchyphyUum ohesi- 
forme elongatum. There is also considerable 
resemblance to BrdchyphyUum crassicaule Fon- 
taine, of the Patapsco formation in Maryland 
and Virginia. 

Remiains of this new variety are not at all 
imcommon in the Tuscaloosa formation, where 

1 Saporta, Oaston de, Flore fosslle du Portugal, p. 170, pi. 31, fig. 14, 
1894. 



they range from a horizon near its base in 
Fayette County up into the basal portion of 
the Eutaw formation in Hale County and also 
just east of Chattahoochee River in Georgia. 
It also occurs in the Magothy formation of 
Maryland and in the Woodbine sand of Texas. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty; Whites Bluff, Greene 
County, Ala. Eutaw formation (basal beds), 
2 miles south of Havana, Hale Coimty, Ala.; 
McBrides Ford, Chattahoochee County, Ga. 

Collections: U. S. National Museum. 

Qentis PBOTODAMMABA HoUlck and Jeffrey. 

[Am. Natundist, vol. 40, p. 199, 1906.] 

Protodammara speciosa HoIUck and Jeffrey. 

Protodammara »pecio9a HoUick and Jeffrey, Am. Natural- 
ist, vol. 40, p. 199, pi. 1, figs. 6-13; pi. 2, figs. 1-6, 
1906; New York Bot. Garden Mem., vol. 3, p. 46, 
pi. 4, figs. 1-11; pi. 10, figB. 1-3; pi. 14, figB. 1, 4, 6; 
pi. 15, figB. 1-6; pi. 16, fig. 1, 1909. 

Dammara microlepia HoUick (non Heer), New York Acad. 
Sci. Ann., vol. 11, p. 67, pi. 3, fiygB. 9a, b, 1898. 

Dammara minor HoUick. The Cretaceous flora of southern 
New York and New England, p. 40, pi. 2, figs. 3^ 
37, 1906. 

The description by HoUick and JeflFrey, 
published in 1906, is as follows: 

Organisms consisting of kite-shaped cone scales, from 4 
to 6 miUimeters long by 4 to 6 miUimeters broad above, 
abruptly narrowed from about the middle to the base, 
roimded, inciurved, and apiculate above; resin ducts five 
or more, extending down the lower surftu^e of the limb; 
seed scars three in nimiber, crescentically arranged above 
the middle and approximately in the broadest part of the 
scale, with the central one higher up than the laterab. 

These interesting cone scales, of which 
structural material has been described by Hol- 
lick and Jeffrey from the Raritan formation at 
Kreischerville^ Staten Island, and which is 
recorded by HoUick from the Magothy forma- 
tion of Block Island, occurs at Shirleys Mill in 
the Tuscaloosa formation. The dimensions of 
the specimens from the Tuscaloosa are 4 by 5 
millimeters. •They are preserved in a plastic 
clay and show a lunate distal boss, the short 
apical point being entirely obscured, as it is 
in most of the similarly preserved specimens 
figured by Hollick. 

Occurrence: Tuscaloosa formation, Shirleys 
MiU, Fayette County, Ala. 

Collection: U. S. National Museum. 
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Genus QSINITZIA Sndlioher. 

Geinitzia formosa Heer. 

QeinUzia formosa Heer, Zur Kreideilora von Quedlinburg, 

p. 6, pi. 1, fig. 9; pi. 2, 1871. 
Newb«Ty, The flora of the Amboy clays, p. 51, pi. 9, 

fig. 9, 1896. 
HoUick, New York Acad. Sci. Trans., vol. 16, p. 129, 

pi. 12, figs. 1, 2, 1897. 
Knowlton, U. S. Geol. Survey Bull. 163, p. 28, pi. 5, 

figs. 1, 2, 1900. 
Berry, New York Bot. Garden Bull., vol. 3, p. 57, 

1903; Torrey Bot. Club Bull., vol. 31, p. 68, figs. 2, 3, 

1904; New Jersey Geol. Survey Bull. 3, p. 97, 1911. 
OeiniUia sp., Newberry, Lyceum Nat. Hist. New York 

City Proc., 2d ser., p. 10, 1873. 
Sequoia reichenbachi (Geinitz) Heer. Lange, Deutsche 

geol. Gesell. Zeitschr., vol. 42, p. 660, 1890 (in part). 
Stanton and Knowlton, Geol. Soc. America Bull., 

vol. 8, p. 137, 1897. 
Sequoia gracilUma (Lesquereux) Newberry, The flora of 

the Amboy clays, pi. 9, figs. 1-3, 1896 (not foliage 

described on p. 50). 
Berry, New York Bot. Garden Bull., vol. 3, p. 57, 

pi. 48, figs. 21, 22, 1903; Torrey Bot. Club Bull., 

vol. 31, p. 69, pi. 2, 1904; Am. Geologist, vol. 34, 

pi. 16, 1904; Torrey Bot. Club Bull., vol. 32, p. 44, 

1905; idem, vol. 33, p. 165, 1906; New Jersey Geol. 

Survey Ann. Kept. State Geologist for 1905, p. 139, 

1906. 

Heer^s description, published in 1871, is as 
follows: 

Strobili ovato-cylindrici, squamis rachi validae spiraliter 
insertis, apice peltatis, disco concave, margine crenato, 
toroeo; semina sub quavis squama quatuor (?), squamarum 
stipite crasso inserta, striata. 

G. formosa, ramulis elongatis, virgatis, foliis omnino 
tectis, foliis subfalcatis, angustis, apice valde attenuatis. 
unin^viis, ramis adultis pulvinis rhombeis obtectis. 

The American occurrences of cones of this 
species have heretofore been referred to Se- 
quoia grucUlima Newberry, a composite made 
up of Oeinitzia cones and Widdringtonites 
foliage. These cones are exceedingly abun- 
dant in the Magothy formation at Cliffwood 
Bluff, N. J., where those that are more or 
less pyritized are washed out of the clays by 
storms and high tides. When preserved as 
flattened lignitic inclusions they are some- 
what different in appearance, and it is believed 
that lignitic material of this species is the basis 
for the Raritan forms which were identified 
as Microzamia gibha Cord a by Newberry.* A 
doubtful fragment and another somewhat more 
definite cone are contained in Ihe Tuscaloosa 
collections made by me at Shirleys Mill, Ala. 

> Newberry, J. S., The flora of the Amboy clays: U. S. Oeol. Survey 
llOQ. 26, p. 45, pi. 12, flgs. 6, 7, 1896. 



The foliage, which resembles somewhat that 
of Sequoia reichenbcLchi (Geinitz) Heer, as well 
as that of Ounninghamites squamosus Heer, 
shows rather thick twigs with slender curved 
needle leaves interspersed with small scale- 
like leaves. It has been found at a number 
of localities in this country and is represented 
in the Tuscaloosa formation by a single doubt- 
ful specimen. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Cottondale, Tuscaloosa 
C!ounty, Ala. 

Collections: U. S. National Museum. 

Genus ABATJCABIA Jussieu. 
Araucaria bladenensis Berry. 

Plat€« IX, X. 

Araucaria bladenensU Berry, Torrey Bot. Club Bull., vol. 
35, p. 255, pl8. 12-14, figs. 1-3, 1908. 
(?) BOTy, idem, vol. 38, p. 406, 1911. 

. Foliage dense, phyllotaxy spiral, leaves de- 
current, coriaceous, ovate-lanceolate, about 1.6 
by 8 centimeters, the base rounded, apex 
thickened, cuspidate; veins immersed, averag- 
ing 16 in number, straight, parallel, stomata 
small, in rows on ventral surface. 

Leaves ranging from 1 centimeter to 2.8 
centimeters in length by 0.5 centimeter to 1.2 
centimeters in width, averaging 1.6 centimeters 
by 0.8 centimeter, obovate in outline, with, a 
broad rounded base narrowing abruptly and 
decurrent; the blade broadest about one-third 
of the distance from the base, above which 
point it narrows sharply to a thickened cuspi- 
date tip; phyllotaxy spiral; leaf substance rep- 
resented by a thick sheet of lignite about 0.5 
millimeter thick, in which the veins are in\- 
mersed. These veins average 14 to 16 in 
number, although in a few s{>ecimens there are 
as many as 20; they are stout, incurved at the 
base (forking not observed), but become 
parallel and nm directly upward until they 
abut against the leaf margin — that is, they 
are not convergent toward the tip of the leaf. 
In spite of their striking megascopic appear- 
ance their microscopic structure is not pre- 
served. 

One or two rather inferior specimens, which 
are in a more argillaceous matrix, show the 
arrangement and outlines of the stomata, 
which are broadly ovate in shape with very 
thin guard cells (at least when viewed on the 
surface). They are arranged in somewhat 
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iiT^ulax rows on the ventral surface of the leaf, 
'the number of rows between the two veins 
bemg usually four. Aside from the foregoing 
facts, the preservation is such that no other 
details can be made out. 

This species is most remarkably similar to 
the living Araucaria bidvnUi of the Australian 
region. This resemblance in form, habit, and 
stomatal characters, reinforced by the occur- 
rence of characteristic araucarian cone scales 
in the same beds at certain localities, renders 
the identification reasonably conclusive. 

The most nearly related form seems to bo 
Araucarites ovahis described by Hollick ^ from 
the **Cliffwood clay" (Magothy formation) of 
New Jersey, which differ merely by their larger 
size, absence of basal characters, and much 
less pointed tips; in fact, if the two were found 
in closer association or if in the abundant 
material any specimens had approached Arwu- 
carites ovaiua in size I would be disposed to 
consider them as the variants of a single 
species. It seems better, however, to institute 
a new species, as the leaves in the material 
from the southern Coastal Plain are sufficiently 
and uniformly different enough to be readily 
recognized, and there is the further possibility 
that the New Jersey species may be more or 
less closely related to the modem genus 
Dammara rather than Ara/ucaria. 

A European form, which must surely be 
considered as a nearly related congener of 
Araucaria hhdenensis, is Saporta's Araucaria 
ioucasi described from the Turonian of Beausset 
near Toulon, France.' This species is strik- 
ingly similar to the Ameriean species in every 
respect and is likewise closely allied, in ap- 
pearance at least, to the living Araucaria 
hidynUi of Australia. 

Kemer' records Pax^hyphyUum (Pa^phylr 
lum) rigidum Saporta and PorchyphyUum {Pa- 
giophyUum) araucarium Saporta from the 
Cenomanian of Lesina, an island in the Adriatic 
off the coast of Dalmatia, both being originally 
Jurassic species from the French Coralhne of 
Verdun. Both are very similar to the Ameri- 
can species and are about the same age. The 
probable identity of Cenomanian and Coralline 

» HoUlck, Arthur, New York Acad. Scl. Trans., vol. 16, p. 12S, pi. 12, 
ngs. 3a, 4, 1S97. 

> Saporta, G. de, Le monde des plantcs avant Tapparition do I'homme, 
p. 198, fig. 27, 1S79. 

• Kerner, F. von, K.-k. geol. Relchsanstalt Jahrb., Band 45, p. 49, pi. 4, 
figs. 1, 3, 18Q6. 



species seems extremely doubtful, and both of 
Kemer's species should undoubtedly be con- 
sidered as new species of Araucaria^ and nearly 
related to if not identical with such Cretaceous 
forms as Araucaria hladenensis or Araucaria 
toucasi. This species is exceedingly conmion 
in and characteristic of the Black Creek forma- 
tion in North Carolina. In South Carolina it is 
foimd in the extension of these beds. It is 
present in the lower part of the Eutaw forma- 
tion and in later Cretaceous deposits in western 
Georgia and along Chattahoochee River. Care- 
ful search has failed to discover this species in 
the f ossilif erous plant beds of western Alabama 
of Tuscaloosa age, but it is present in great 
abundance at the very base of the Eutaw 
deposits in Hale Coimty. Recent collections 
have shown it to be present in the Magothy 
formation in Maryland. 

Occurrence: Eutaw formation (basal beds;, 
2 miles south of Havana, Hale County, Ala.; 
Chimney Bluff, Chattahoochee County, Ga. 
Ripley formation (Cusseta sand member), 
Buena Vista, Marion County, Ga. 

Collections: U. S. National Museum. 

Araucaria JelfreTl Berry. 

Araucaria jfffreyi Berry, Torrey Bot. Club Bull., vol. 35, 
p. 258, pi. 16, 1908; U. S. Geol. Survey Prof. Paper 
84, p. 105, 1914. 

Thes6 cone scales were completely described 
in the papers cited and need not be discussed 
here. 

Occurrence: Eutaw formation, Chimney 
Bluff, Chattahoochee County, Ga. Ripley 
formation (Cusseta sand member), near Byron, 
Houston Coimty, Ga. 

Collections: U. S. National Museimi. 

Oenus ANDSOVETTIA HolUck and Jeffrey. 

Androvettia caroUneiisis Berry. 

Plate VII, figures 1-10. 

Androvetlia carolinmsis Berry, Torrey Bot. Club Bull., 
vol. 37, p. 183, pi. 19, figs. 1-6, 1910. 

Remains of leafy twigs, consisting of much 
flattened, phylloclad-like, opposite twigs, the 
leaves on the flat surfaces being reduced to 
mere points and not visible without magnifi- 
cation, the marginal leaves strictly opposite, 
with a regular alternation of a blunt dentate 
lobe, which probably represent reduced lateral 
twigs and a serrate point, the two fused proxi- 
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mad. Venation, consisting of immersed vas- 
cular bundles, not seen except in a strong 
transmitted light. The midvein is strong and 
straight, the visible lateral veins, which are the 
midveins of the coalesced leaves and lateral 
twigs, are pinnately arranged and single in the 
pointed leaves. In the round lobes they are 
usually dichotomously forked, but in this form 
the marginal lobes probably represent coalesced 
leaves of reduced lateral twigs. Their angle 
of divergence is greater than in Androvettia 
statenensis Hollick and Jeffrey and the whole 
arrangement is more distinctly cyclic in char- 
acter. The texture is very coriaceous; the 
epidermal cells are, however, large in size, 
though with thick walls. The stomata are 
fairly numerous, apparently on both surfaces, 
and consist of the famiUar sausage-shaped 
guard cells surroimded by four accessory cells. 

The general appearance of this species is even 
more femlike than is the type of the genus, 
one reason being its smaller size and the ab- 
sence in the collected material of the supposed 
male aments foimd in connection with some 
specimens of the Staten Island species. The 
present species was described by the writer 
from the exposures of the Black Greek forma- 
tion on Tar River in North Carolina and is 
considerably younger than the Staten Island 
form. 

This remarkable genus was erected by Hol- 
lick and Jeffrey ^ for the reception of a single 
species discovered recently in the upper part 
of the Raritan formation near Kreischerville, 
Staten Island, and these authors content them- 
selves with a very good account of this species 
and refrain from framing a generic xiiagnosis. 

These remains are all entirely femlike in 
superficial appearance, \mif ormly coriaceous in 
texture, and from the details of their external 
characters and internal structure are indubita- 
ble gymnosperms of the order Coniferales. 
Their positive reference to the Araucarineae by 
Hollick and Jeffrey wiU, however, undoubtedly 
be questioned by many students. The North 
Carolina remains are not common and are con- 
fined to a single locality on Tar River. The 
lateral leaves along the edges of phylloclad-like 
twigs are markedly opposite, but the scale 
leaves on its flat surfaces are much more re- 
duced than in Androvettia statenensis and can 
not be made out at all except in microscopic 

1 New York Bot. Garden Mem., vol. 3, p. 22, 1909. 



preparations of the epidermis, w:hen they are 
seen to be reduced to mere points of termina- 
tion of certain leaf traces. The lateral twigs 
are strictly opposite, as is the course of the 
vascular bundles, which consist of a regular 
alternation of opposite simple bimdles and 
dichotomously forked bundles. The remains 
of a third species described by the writer as 
Androvettia elegans and collected from the 
basal part of the Eutaw formation in western 
Georgia, vary from Androvettia statenensis in 
the other direction and scarcely merit the term 
phylloclad-like; the leaves both marginal and 
surficial are opposite and well developed, very 
regular, with a vascular arrangement like that 
of the present form. They are distichous and 
opposite on a naked stem, which is thus more 
femlike in api^earance than either of the other 
two species. As the anatomy of these forms 
has not yet been studied the recider is referred 
to the memoir cited above, where the histology 
of the Staten Island form is discussed. 

Regarding the systematic position of this 
genus, as already remarked, their relationship 
with the Araucarian group of conifers is 
questionable. They seem clearly distinct from 
FhyUodaduSj and they are equally distinct 
from the various species of ProiophyUocladus 
which have been recorded from the Raritan 
and the later Cretaceous formations of North 
America. They seem equally distinct from 
Thinnfeldia but may eventuaUy prove to be 
related to Moriconia. 

The Mississippi occurrence of this species 
is based upon fragmentary but characteristic 
specimens which are even smaller and more 
broken than is the type material from North 
Carolina. When the extremely coriaceous 
nature of this fohage and its almost complete 
maceration are considered in connection with 
its known range of about 600 miles in an air 
line and almost twice that distance along the 
Upper Cretaceous coast line, there seems to be 
a plausibihty in attributing its scarcity and 
absence in the intervening region to its having 
lived in areas remote from those in which 
sediments were being deposited. The broken 
condition of the remains would thus be due 
to the length of time they had been in the 
water in their stream journey from their 
inland and possibly also upland habitat. 

Occurrence: Tuscaloosa formation, ciit on 
Southern Railway, If miles east of luka. 
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Tishomingo County, Miss, (collected by L. W. 
Stephenson). 
Collection: U. S. National Museum. 

Androyettia elegans B«Ty. 

Androvettia elegans Berry, U. S. GeoL Survey Prof. Paper 
84, p. 103, pL 38, figs. 1-10, 1914. 

This form is allied to Androvettia euro- 
linensis and was recently described by the 
writer in the publication cited. 

Occurrence: Eutaw formation G>&sal beds), 
McBrides Ford, Chattahoochee Coimty, Ga. 

Collection: U. S. National Museum. 

Genns ABIETITBS Hislnger. 
Abietites foUoflras (Fontaine) Berry. 

Leptostrobtu folionu Fontaine, The Potomac or younger 
Mesosoic flora, p. 230, pi. 101, fig.4; pi. 103, fig. 5; pi. 
104, Gg. 1, 1889; Status of the Mesosoic floras of the 
United States, p. 482, 1905. 

AbieiiUM/olxosus (Fontaine) Berry, U. S. Nat. Mus. Proc., 
vol. 40, p. 314, 1911; Maryland Creol. Surv^, 
Lower Cretaceous, p. 408, 1911. 

LaricopnM longtfolia Fontaine, The Potomac or younger 
Mesosoic flora, p. 233, pi. 102, figs. 7, 8;' pi. 103, 
figs. 2, 3; pi. 165, fig. 4; pi. 168, figs. 5, 6, 1889; 
U. S. Nat. Mus. Proc., vol. 16, p. 268, pi. Se^, fig. 9, 
1893 (?); Status of the Meeozoic floras of the United 
States, p. 312, pi. 73, figs. 11, 14, 1905. 

Leaves long and slender, 0.5 to 1 millimeter 
in width; full length not seen, at least sev- 
eral centimeters, much crowded; seen to be 
in bundles, where the preservation is fairly- 
good, on stout, dichotomously forked twigs. 

This species is clearly distinct from the other 
species of Abietites. It is not fully charac- 
terized because of the poorness of preservation, 
as evinced by the fact that the leaves are 
detached in a number of the specimens col- 
lected. The forms which were the basis for 
Laricopsis longifolia Fontaine have been united 
with the species, as they are indistinguishable 
and probably identical in character. 

This species occurs in both the Patuxent and 
Patapsco formations of the Potomac group of 
Virginia, and it has also been recorded from the 
Kootenai formation of Montana. The frag- 
ment from the Trinity group of Texas, which 
Fontaine identified with such certainty, is, 
in the writer *s judgment, absolutely imtrust- 
worthy. Characteristic remains are common 
at a single locality in the Tuscaloosa formation. 
Their significance in correlation is somewhat 
minimized, however, by the occurrence in the 



Magothy formation of remains very similar to 
these which I have described as Pinus deli- 
catvlvs.^ They may be compared with the 
foreign material described by Heer as Pinvs 
quenstedii. 

Occurrence: Tuscaloosa formation, big gully 
and upper ravine on the Snow place, Tus- 
caloosa County, Ala. 

Collection: U. S. National Museum. 

Genns SEQUOIA EodUoher. 
[Synopsis coniferarum, p. 197, 1847.] 

SMpioia reichenbachi (Geinltx) Heer.> 

Plate VI, figure 2. 

Araucarites rtichenhachi Geinitz. Charakteristik der Schich- 

ten und Potrekfakten des s&chissch-bdhmischen 

Kreidegebirges, pt. 3, p. 98, pi. 24, fig. 4, 1842. 
Sequoia reichenbachi (Geinitz) Heer, Flora fossilis arctica, 

vol. 1, p. 83, pi. 43, figs. Id, 2b, 5a, 1868. 
Fontaine, The Potomac or younger Meeozoic flora, p. 

243, pi. 118, figs. 1, 4; pi. 119, figs. 1-5; pi. 120, figs. 

7, 8; pi. 122, fig. 2; pi. 167, fig. 5, 1889. 
Nathorst, in Felix and Lenk, Beitr&ge zur Geologie 

und Paleontologie der Republik Mexico, p. 52, figs. 

4, 5, 1893. 
Fontaine, in Ward, U. 8. Geol. Survey Nineteenth 

Ann. Rept., pt. 2, p. 674, pi. 165, figs. 1, 2; pi. 166, 

fig. 1, 1899; Status of the Meeozoic floras of the 

United States, pp. 177, 263, 281, 544, pi. 55, figs. 7, 

8; pi. 69, figs. 4, 5, 1905. 
Leequereux. The Cretaceous flora, p. 51, pi. 1, figs. 

10-lOb, 1874; The flora of the Dakota group, p. 35, 

pi. 2, fig. 4, 1892. 
Engelhardt, Naturwi». Geeell. Isisin Dresden Abh. 7, 

Jahrg. 1891, p. 91, 1892. 
Ilollick, New York Acad. Sci. Trans., vol. 12, p. 30, 

pi. 1, fig. 18, 1892; The Cretaceous flora of southern 

New York and New England, p. 42, pi. 2, fig. 40; 

pi. 3, figs. 4,5,1907. 
Newberry, The flora of the Amboy clays, p. 49, pi. 9, 

fig. 19, 1896. 
Berry, New York Bot. Garden Bull., vol. 3, p. 59, 

pi. 48, figs. 15-18, 20, 1003; Torrey Bot. Club. Bull., 

vol. 31, p. 69, pi. 4, fig. 8, 1904; idem, vol. 32, p. 44, 

pi. 1, fig. 3, 1905; idem, vol. 33, p. 165, 1906; New 

Jersey Geol. Survey Bull. 3, p. 93, 1911; Maryland 

Geol. Survey, Lower Cretaceous, p. 444, pi. 77, 

fig. 7, 1911. 
Knowlton, Smithsonian Misc. Coll., vol. 4, pt. 1, p. 

126, pi. 12, figs. 7, 8, 1907; U. S. Geol. Survey Mon. 

32, p. 657. 1899; U. S. Geol. Survey Bull. 257, p. 

131, pi. 14, figs. 3-5, 1905. 
Araucaria reichenbachi (Geinitz) Heer. Debey, Entwurf 

geognostisch-geogenetischen Darstellung denGegend 

von Aachen, Naohtrage, 1849. 
Sequoia reichenbachi longifolia Fontaine, The Potomac or 

younger Meeozoic flora, p. 244, pi. 117, fig. 8, 1889. 

1 Berry, E. W., Torrey Bot. Club Bull., vol. 31, p. 68, pi. 1, fig. 12, 1904. 
s Only representative citations, chiefly American, of this widespread 
and peralstent species are given. 
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Sequoia dermfolia Fontaine, The Potomac or younger 

Meeozoic flora, p. 246, pi. 121, fig. 4, 1889. 
Sequoiaf sp. Fontaine, The Potomac or younger Meeozoic 

flora, p. 248, pi. 116, fig. 7; pi. 132, figs. 2, 5, 6, 1889. 
Sequoia sp. Fontaine, The Potomac or younger Meeozoic 

flora, p. 248, pi. 132, fig. 10, 1889. 
Sequoiaf infemd Ward. Fontaine, in Ward, Status of the 

Meeozoic floras of the United States, p. 507, 1905. 
Sequoia coutUiae Heer. Hollick, New York Acad. Sci. 

Trans., vol. 12, p. 30, pi. 1, fig. 5, 1892. 

This Species has a recorded range on this 
continent from the supposed Neocomian of 
Mexico to the Livingston formation of Mon- 
tana, being very abundant at numerous hori- 
zons, and it has likewise been identified from 
Greenland and Europe. The view has fre- 
quently been voiced that some at least of these 
identifications are erroneous, which is probable 
enough, although the Tertiary Sequoia langa- 
dorfii has an almost equally wide range, both 
geologic and geographic. In a memoir re- 
cently published, HoUick and Jeffrey* present 
their studies of the anatomy of some twigs of 
the Sequoin reichenhdchi type from the upper 
part of the Raritan.formation of Staten Island. 
According to these authors their results indi- 
cate that these remains are referable to the 
genus Geiniizia and are araucarian in their 
affinity, a view which has been tentatively 
suggested by numerous students since the days 
of Geinitz, who referred them to the genus 
Araucariies, In order to make out a good case 
Hollick and Jeffrey are under the necessity of 
finding araucarian characters in certain asso- 
ciated cone scales of the Sequoia type, as these 
supposed ar^ucfilrian twigs frequently are found 
with Sequoior^ikei cones attached to them. 
This they do, referring these cone scales to new 
genera which they term Eugeinitzia and 
Pseudogeinitzia, although the evidence for an 
araucarian affinity is extremely slender. 

As might be expected from their great range, 
fossils of the Sequoia reichenbachi type are of 
slight stratigraphic value; nevertheless the 
remains are very abundant from New Jersey 
to Alabama at the Magothy, Black Creek (in- 
cluding Middendorf), Tuscaloosa, and Eutaw 
horizon, apparently identical in character and 
commonly cone bearing, the cones being small, 
a prolate spheroid in shape, and consisting of 
relatively few, peltate, umbilicate, Sequoior^e 
scales. Sequoia twigs are very resistant to 
maceration, and commonly are about the last 

iHoDiek, Arthur, and Jeffrey, E. C, New York Bot. Garden Mem., 
▼ol. 3, p. 38, pi. 5, 1009. 
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vegetable remains to disintegrate in marine 
waters. 

This species is rare in the Raritan formation 
but common at later Upper Cretaceous out- 
crops in New Jersey, Delaware, Maryland, 
North Carolina, South Carolina, Georgia, and 
Alabama. In Alabama it has been found from 
the lower third of the Tuscaloosa formation up- 
ward through the Eutaw formation. It is not 
commonly represented in the earliest Tusca- 
loosa sediments, where it appears to be re- 
placed by Sequoia ambigua Heer and species of 
Widdringtonites. How far its absence repre- 
sents merely accidents of preservation can not 
be determined. Material that may represent 
this species but in a much macerated and not 
positively determinable condition occurs near 
the base of the Tuscaloosa formation near Cot- 
tondale, in Tuscaloosa County, Ala. Toward 
the top of the Tuscaloosa and in the basal part 
of the Eutaw formation it is very common. 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place and upper beds at Cotton- 
dale (?), Tuscaloosa Coimty; Whites Bluff, 
Greene County, Ala. Cut on Southern Rail- 
way, If miles east of luka, Tishomingo County, 
Miss, (common). Eutaw formation (basal 
part), 2 miles south of Havana, Hale County, 
Ala.; McBrides Ford, Chimney Bluff; Broken 
Arrow Bend, Chattahoochee Coimty, Ga. 

Collections: U. S. National Museum. 

Sequoia heterophyOa VelMiovsky. 

Sequoia heterophylla Velenovsky, Die Gymnoepermen der 
bdhmiflchen Kreideformation, p. 22, pi. 12, fig. 12; 
pi. 13, figs. 2-4, 6-9, 1885; K. b6hm. Qesell. WiaB. 
SitzungBber., 1888, p. 593, figs. 7, 8. (Not Smith, 
£. A., On the geology of the Coastal Plain of Ala- 
bama, p. 348, 1894.) 

Engelhardt, Naturwiss. Gesell. Isis in Dresden Abh. 
7, Jahig. 1891, p. 104, 1892 (?). 

Hollick, New York Acad. Sci. Trans., vol. 12, p. 3, 
pi. 1, fig. 18, 1892; The Cretaceous flora of southern 
New York and New England, p. 41, pi. 3, figs. 2, 3, 
1906. 

Ward, U. S. Geol. Survey Fifteenth Ann. Rept., pp. 
378, 380, 382, 392, 1895. 

Newberry, The flora of the Amboy clays, p. 49, pi. 6, 
figs. 1-13, 1896. 

Knowlton, U. S. Geol. Survey Bull. 257, p. 132, pi. 16, 
fig. 5, 1905. 

Berry, Torrey Bot. Oub Bull., vol. 33, p. 165, 1906; 
idem, vol. 34, p. 189, 1907; New Jersey Geol. 
Survey Ann. Rept. for 1905, p. 139, 1906; New 
Jersey Geol. Survey Bull. 3, p. 95, pi. 6, 1911. 

This characteristic species, described origi- 
nally from the Cenomanian and Emscherian of 



66 UPPER CRETACEOUS FLORAS IN TENNESSEE, MISSISSIPPI, ALABAMA, AND GEORGIA. 



Bohemia, may be readily recognized by the 
form of the foliage — the flat, lanceolate, decur- 
rent leaves above, and the short and appressed 
leaves below. Newberry says of this species 
that it is "one of the most common conifers 
of the Amboy clays,*' but he mentioned no 
localities. I have foimd it only in the upper 
part of the Raritan formation at South Amboy, 
N. J., where it is very common, and at a still 
higher horizon in the Raritan, at the Hylton 
Pits, and it has been collected by HoUick from 
a probably equivalent horizon at Kreischer- 
ville, Staten Island. 

In the overlying Magothy formation it is 
a common species, and its recorded range 
extends from Marthas Vineyard to Maryland. 
It also occurs in the allied Black Creek forma- 
tion of North CaroUna. In the West it is said 
to occur in the Judith River formation of 
Montana. 

In 1888 Velenovsky described additional 
twigs of this species and cones from the Ceno- 
manian of Hloub^tin, Bohemia, although he 
does not state that they were attached. The 
cones were of small size, 2.3 by 1.5 centimeters, 
elliptical in outline, and were made up of a 
relatively small number of slender, rhom- 
boidal, umbilicate scales of the Sequom type. 

In the Alabama area Sequoia JieterophyUa 
was identified by Ward in collections from 
the Snow place, Tuscaloosa County, and re- 
corded from there by Smith in 1894.^ This 
determination was erroneous, however, as the 
material lacks the dimorphism of this species, 
and in its venation shows that it is identical 
with Dicksonia groerdandica Heer. Typical 
specimens of Sequoia Tieterophylla have been 
collected by the writer, however, from the 
Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty; Whites Bluff, Greene 
County, Ala. 

Collections: U. S. National Museum. 

Seqnoia iimbi^a Heer. 

Plate VI, figures 3, 4. 

Sequoia amhiffua Heer, Flora foesilis arctica, vol. 3, pt. 2, 
pp. 78, 91, pi. 21, figs. 1-11; pi. 25, fig. 5, 1874; vol. 
6, pt. 2, pp. 17, 52, pi. 1, fig. 3, 1882. 
Fontaine, The Potomac or younger Mesozoic flora, 
p. 245, pi. 118, fig. 2; pi. 120, figs. 1-6; pi. 127, fig. 
5; pi. 132, fig. 3, 1889. 



1 Smith, E. A., On the geology of the Coastal Plain of Alabama, p. 348, 
Alabama Qeol. Survey, 1894. 



Nathorst, in Felix and Lenk, BeitrSge zur Geologie 

und Paleontologie der Republik Mexico, p. 51, figs. 

1-3, 1893. 
Fontaine, in Ward, Status of the Mesozoic floras of 

the United States, pp. 272, 281, 538, pi. 69, fig. 6; 

pi. 110, fig. 13, 1905. 
Berry, Maryland Geol. Survey, Ix)wer Cretaceous, p. 

449, pi. 78, figs. 1-7, 1911. 
Sphenolepidium recurvifolium Fontaine, The Potomac or 

younger Mesozoic flora, p. 258, pi. 128, figs. 2-6; 

pi. 129, fig. 5; pi. 130, figs. 4-6, 10, 1889. 
Fontaine, in Wajd, Status of the Mesozoic floras of 

the United States, pp. 484, 528, 538, 546, 555, 1905. 
Sequoia gracUii Fontaine, in Ward, U. S. Geol. Survey 

Nineteenth Ann. Rept., pt. 2, p. 675, pi. 166, fig. 

2, 1899. 
Arthrotaxopsis expansa Fontaine, in Ward, Status of the 

Meeozoic floras of the United States, pp. 533, 535, 

538, 555, 573, pi. 109, figs. 12, 13 (not pp. 504, 520, 

547, 571), 1905. 

Remains of the foliage of this species are dis- 
tinguishable from those of contemporaneous 
conifers, which occur in the beds with them, 
by the relatively short and very stout, acumi- 
nate, falcate, or recurved, decurrent leaves. 

The cones are spherical and consist of rela- 
tively few, short scales with longitudinally 
striated peduncles and suddenly expanded, 
quadrangular, peltate, umbilicate tips. These 
cones are abundant in the Lower Cretaceous of 
Maryland, occurring usually as detached fer- 
ruginized mud casts, and are fully described 
by the writer elsewhere.' 

As recorded in the literature cited above, 
Sequoia ambigua is widely distributed geo- 
graphically, and it has an equally great geo- 
logic range. It was described originally from 
the Kome beds (Barremian) of Greenland by 
Heer, and this author soon afterward recorded 
it from the Upper Cretaceous Atane beds of 
that country. It has been recorded by Na- 
thorst from the supposed Neocomian of Mexico 
and it is present in the Kootenai formation of 
Montana. It is a member of the Shasta flora 
of the Pacific coast (Horsetown formation) 
and is probably represented in the Fuson 
shale of eastern Wyoming by what Fontaine 
calls Sequoia gracilis. In the Upper Creta- 
ceous, remains in every way identical with these 
Lower Cretaceous occurrences are present in 
the Magothy formation at Gay Head, Marthas 
Vineyard, and at a nimiber of locaUties in 
Maryland, as well as in the Tuscaloosa forma- 
tion of Alabama. After much comparison and 

* Berry, E. W., Maryland Oeol. Survey, Lower Cretaceous, p. 449^ 
pi. 78, flgs. 1-7, 1911. 
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8tudy the writer is unable to formulate good 
characters for the separation of the later from 
the earlier Cretaceous forms of this species. 

The Upper Cretaceous forms resemble greatly 
some of the homotaxial remains referred by 
Heer and others to Sequoia subuUUa Heer and 
to Sequoia fastigiata (Sternberg) Heer. They 
are, however, different from the types of both 
of these species, and it seems probable that 
the later identifications include diverse species 
imder these names. The fragments figured in 
1876 by Lesquereux from the Dakota sand- 
stone as S. fastiffiata are also quite similar to 
the Alabama specimens. The species has 
recently been fully discussed and illustrated 
by the writer.^ 

Occurrence: Tuscaloosa formation, upper ra- 
vine and foot of big gully on the Snow place, 
Tusfcaloosa County, Ala. (common). Eutaw 
formation, 2 miles south of Havana, Hale 
County, Ala. 

Collections: U. S. National Museum. 

Sequoia fastigiaa (Sternberg) Heer. 

CaulerpUes fastigiatus Sternberg, Verauch einer geog- 
nostiBch-botanischen Darstellung der Flora der Vor- 
welt, vol. 2, p. 23, 1833. 
Sequoia fastigiata (Sternberg) Heer, Flora von Moletein in 
Mahren, p. 11, pi. 1, figs. 10-13, 1869; Flora foeailis 
arctica,-vol. 3, pt. 2, pp. 102, 128, pi. 27, figs. 5, 6; 
pi. 38, figs. 12, 13, 1874; idem, vol. 6, pt. 2, p. 53, 
pi. 3, figs. 7-9; pi. 17, fig. 4; pi. 28, fig. 6, 1882; 
idem, vol. 7, p. 15, pi. 51, figs. 11, 12; pi. 53, figs. 
3, 4, 1883. 
Lesquereux, U. S. Geol. and Geog. Survey Terr. 
Bull., vol. 1, p. 391 (1875), 1876; U. S. Geol. and 
Geog. Survey Terr. Ann. Rept. for 1874, p. 335, 
pi. 3, figs. 2, 8, 1876; The Cretaceous and Tertiary 
floras, p. 31, 1883. 
Velenovsky, Die Gymnospermen der bdhmischen 
Kreidefonnation, p. 21, pi. 8, fig. 13; pi. 9, figs. 
3, 4, 9, 10; pi. 11, figs. 1, 2; pi. 12, fig. 13, 1885. 
Hollick, The Cretaceous flora of southern New York 
and New England, p. 43, pi. 3, fig. 15, 1906. 
ThuUa alienus Sternberg, idem, vol. 1, pi. 45, fig. 1, 1833. 
Widdringtonites/astigiatus (Sternberg) Endlicher, Synopsis 
coniferarum, p. 272, 1847. 
Goeppert, Monographie der fossilen Coniferen, p. 176, 

1850. 
Unger, Genera et species plantarum fosailium, p. 342, 
1850. 

Remains that are supposed to represent this 
species are recorded from the Cenomanian of 



» B«rry, E. W., Maryland Geol. Survey, Lower Cretaceous, p. 449, 
PU 78, figs. 1-7, 19n. 



Moravia and Bohemia; the Cretaceous of Green- 
land and Spitzbergen, the Dakota sandstone 
of Kansas, and the Magothy formation on 
Marthas Vineyard. The students who have 
described this form may possibly have con- 
fuse.d it with Sequoia gracUia Heer and Sequoia 
condnna Heer, as wejl as with other supposed 
species of Sequoia and Widdringtonites. A re- 
vision of all of these similar if not in part iden- 
tical forms would be desirable but should not 
be attempted without abundant and represen- 
tative material from the different countries. 
Specimens identical with what has been called 
Sequoia fastigiata occur in the lower part of the 
Tuscaloosa formation, where they are asso- 
ciated with forms of similar appearance but of 
larger size, which are referred to Sequoia awn 
bigua Heer, and with smaller forms shown by 
thoir cones to be Widdringtonites subtUis Heer. 
I doubt very much the specific integrity of 
Sequoia fastigiatay but until the whole question 
can be revised imnecessary changes are unde- 
sirable. Similar foliar remains from the Bingen 
formation in Arkansas have been referred to 
Sequoia condnna Heer because of the associated 
cones.' 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

Qenns WIDDBINaTONITES EndUcher. 

[Synopsifl coniferarum, p. 271, 1847.] 

Widdringtonites rabtilis Heer. 

Plate VIII, figures 1-12. 

Widdringtonites subHlis Heer, Flora fosBilis arctica, vol. 3, 
Abt. 2, p. 101, pi. 28, fig. lb, 1874; idem, vol. 6, 
Abt. 2, pi. 7, figs, 14, 15; pi. 28, fig. 4b, 1882. 

Newberry, The flora of the Amboy clays, p. 67, pi. 10, 
figs. 2-4, 1896. 

Hollick, The Cretaceous flora of southern New York 
and New Enghuid, p. 46, pi. 4, figs, ^-6, 1906. 

Berry, New Jersey Geol. Survey Bull. 3, p. 89, 1911; 
Torrey Bot. Club Bull., vol. 39, pp. 341-348, pis. 
24, 25, 1912. 

Widdringtonites reichii (Ettingshausen) Heer. HolUck, 
New York Acad. gd. Ann., vol. 11, p. 58, pi. 3, 
fig. 8, 1898. 
Berry, Johns Hopkins Univ. Circ., new ser.. No. 7, 
p. 81, 1907. 

This species was described from the Atane 
beds of Greenland by Heer jn 1874. His mate- 



« Berry, E. W., Torrey Bot. Club BuU., vol. 43, p. 172, pi. 7, flgs. l-«, 
1917. 
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rial was, however, extremely scanty. Subse- 
quently it was found in considerable abundance 
in the Raritan formation of New Jersey, and 
still more recently HoUick has recorded it from 
Marthas Vineyard and Block Island (Magothy 
formation). I have foimd it in the Magothy 
formation of Maryland •and the Middendorf 
arkose member of the Black Creek formation 
of South Carolina. Possibly also some of the 
coniferous material described by Velenovsky 
from the Bohemian Cretaceous under other 
names should be compared with the present 
form. 

The material from the Tuscaloosa formation 
is abundant, especially so at the locality known 
as the Snow place, and enables us to make a 
considerable addition to the knowledge of this 
species, which may be described as follows: 
Twigs slender, relatively short, somewhat lax in 
habit. Foliage somewhat dimorphic, at least 
the leaves on the yoimg shoots are quite different 
in appearance from those on the older twigs. 
Young leaves short, thick, and directed distad, 
ovate, and appearing bluntly rounded apically 
because of the inwardly directed pointed tip, 
0.5 to 1 millimeter in length, having the ap- 
pearance of a cyclic phyllotaxy but really ar- 
ranged spirally. With age the leaves become 
elongated basally and somewhat spreading, at 
times falcate. The old leaves are two or three 
times as long as the yoimg leaves, and as they 
Are about the same thickness they are rela- 
tively much more slender and needle-like. The 
twig enlarged in Plate VIII shows the two kinds 
of leaves. The degree of spreading or appres- 
sion differs in different specimens, owing proba- 
bly in some measure to the conditions attend- 
ing fossilization. A form with uniformly slen- 
der and spreading leaves is common at Shirleys 
Mill, a twig of which is shown in figure 5. In 
his discussion of this species Newberry men- 
tions a vague cone about 1 centimeter in diame- 
ter as included in the Raritan material. I have 
not seen this specimen, but I have f oimd a num- 
ber of poorly preserved detached cones among 
the abundant remains of this species in the 
Upper Cretaceous beds of South Carolina. A 
jiumber of specimens from the Tuscaloosa 



foimation have these cones attached to the 
characteristic twigs of this species. These 
cones are terminal, roughly spheroidal in out- 
line, and apparently consist of four thick, sub- 
equal scales with wide blunt tips and somewhat 
extended bases. They are 7 centimeters to 9 
millimeters in length and 4 or 6 millimeters in 
diameter, and are closely comparable to the 
cones from the Upper Cretaceous of eastern 
Europe ascribed to WiddringUmites reickii by 
both Velenovsky and Krasser. These authors 
refer this form directly to the genus Widdring- 
toniaf and it would seem that the cones at- 
tached to the Alabama specimens of Widdring^ 
tonites svhtUis conclusively demonstrate the 
relationship between a number of these Meso- 
zoic conifers and the existing species of CaUi- 
tris, Widdringtonia, and FreneUij which Eichler 
lumps into the single genus CaJlitris Ventenat. 

At the present time they constitute a small 
group confined to the Australian region on the 
one hand (Fren^la) and to noFthern Africa 
(EtLcaUitris) and southern Africa and Mada- 
gascar (Widdringtonia) on the other. In 
former geologic periods they were much more 
abundant. Frenelopsis is recorded in America 
from Greenland to Texas, and WiddringUmites 
from Greenland to Alabama. Abroad both 
types occur abundantly in central and western 
Europe. Like so many other types of plants 
which were widespread in Mesozoic time, they 
became more and more restricted in their range 
during the Tertiary until to-day they are not 
found at all in the Western Hemisphere. As 
regards Cretaceous species of Widdringtonites, 
4 occur in the Neocomian, 1 in the Baixemian, 
1 in the Albian, 3 in the Cenomanian, and 1 in 
the Senonian. 

The present species has much shorter twigs 
than the Upper Cretaceous species, Widdring^ 
tonites reichii (Ettingshausen) Heer, or the late 
Lower Cretaceous species, Widdringtonites m- 
nu>8U8 (Fontaine) Barry. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; upper ravine and foot of 
big guHy on the Snow place, Tuscaloosa County, 
Ala. 

Collections: U. S. National Museum. 
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Widdringtonites reichii (Ettingshaiiseii) Heer. 

FrenelUe$ reichii Ettingshausen, Die Kreideflora von 

Kiederachoena in Sachsen, p. 12, pi. 1, figs. lOa-c, 

1867. 
HoUick, New York Acad. Sci. Trans., vol. 12, p. 20, 

pi. 1, fig. 23, 1892. 
Widdringtonitea reichii (Ettingsbausen) Heer, Flora foesilis 

arcdca, vol. 6, pt. 2, p. 51, pi. 28, fig. 5, 1882; idem, 

vol. 7, p. 13, pi. 52, figs. 4, 5, 18S3. 
Smith, On the geology of the Coastal Plain of Alabama, 

p. 348, 1894. 
Newberry, The flora of the Amboy clays, p. 57, pi. 8, 

figs. 1-5, 1896. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 169, 1906; 

New Jersey Geol. Survey Ann. Rept. for 1905, p. 138, 

1906; New Jersey Geol. Survey Bull. 3, p. 87, pi. 8, 

figs. 1,2, 1911. 
Hollick, The Cretaceous flora of southern New York 

and New England, p. 44, pi. 4, figs. 6-8, 1906. 
WiddringUmia reichii (Ettingsbausen) Velenovsky, Die 

Gymnoepermen der bdhmischen Kreideformation, 

p. 27, pi. 8. figs. 4-6; pi. 10, figs. 1, 11, 12, 1885; K. 

bdhm. Gesell. Wiss. Sitzungsber., 1886, p. 639 (6), 

pi. 1, figs. 14-16, 1887. 
Engelhardt, Naturwiss. Gesell. Isisin Dresden Abh. 7, 

Jahig. 1891, p. 92, 1892. 
Marik, Prispevek, k. fl. ^esk^ho cenomanu, p. 9, pi. 1, 

fig. 23; pi. 2, fig. 2, 1901. 
Kraaser, Beitr. Pal&ontologie Oe8terr-.-Ungams u. des 

Oriente, Band 10, p. 126 (14), pi. 14 (4), fig. 6; pi. 17 

(7), figs. 4, 7, 8, 1896. 
Glypt08trobus gracUlimus Lesquereux, Am. Jour. Sci., 2d 

ser., vol. 46, p. 92, 1868; The Cretaceous flora, p. 52, 

pi. 1, figs. 8, 11-llf, 1874; The Cretaceous and Ter- 
tiary floras, p. 32, pi. 1, figs. 6-6b, 1883; The flora of 

the Dakota group, p. 38, 1892. 
Sequoia gracillima (Lesquereux) Newberry, The flora of the 

Amboy clays, p. 50 (in part), (not pi. 9, figs. 1-3, 

1896); The later extinct floras of North America, p. 

19 (in part), pi. 14, fig. 6, 1898 <not pi. 26, fig. 9). 
Smith, On the geology of the Coastal Plain of Alabama, 

p. 348, 1894. 

Ettingshausen's description, published in 
1867, is as follows: 

F. ramis suberectis fastigiatis, ramulis filiformibus con- 
fertis, foliis adpressis e baai ovata subulatis, strobilis 
axillaribus duplo longioribus quam jatis. 

Medium-sized branches with more or less 
crowded, slender, elongated, fastigiate twigs, 
bearing reduced ovate-subulate leaves, spirally 
arranged. The cones are small oval bodies, 6 
to 12 millimeters long by 3 to 7 millimeters in 
diameter, usually poorly preserved, said by 
Ettingsbausen to be axillary in position but 
evidently many of them terminal, as evinced 
by some of the Raritan material as well as by 
some of the better-preserved cones from the 
Cenomanian of Bohemia and Moravia. The 
Bohemian and Moravian material clearly shows 



that the cones consisted of four scales. This 
feature would ally it with either the subgenus 
Widdringtania of the genus CaUitris Ventenat, 
to which Eichler, in his treatment of the living 
species in Engler and Prantl (1887) refers End- 
licher's genus, or to the subgenus EucaUitris 
Brongniart, which also is characterized by 
four cone scales. Eucailitris has a single living 
species of northern Africa, and WiddringUmia 
has three or four species of southern Africa 
and Madagascar. The propriety of Eichler's 
classification may well be questioned, and in 
any event paleobotanists must necessarily pre- 
fer the older segregation of Frenda and TTid- 
dringtonia and their respective form genera. 

There seems to be but little doubt that the 
present species should be referred to Wid^ 
dringtonia, as Velenovsky and Krasser have 
done, but as the term Widdringtonites is 
equally indicative of its true aflSnity, little is 
to be gained by making the proposed change. 

The species was described originally by 
Ettingsbausen from the Cenomanian of Nieder- 
schoena in Saxony as a species of Frendites. 
When Heer discovered it in the Greenland 
material, where it has been collected from both 
the Atane and the Patoot beds, he transferred 
it to the pr^ent genus. It has subsequently 
been reported from the Cenomanian of Bo- 
hemia and Moravia, from the Magothy forma- 
tion of the Atlantic Coastal Plain at numerous 
localities, and from the islands of southern 
New England. It is also present in North 
Carolina and South Carolina. Heer made 
Glyptostrobus gracillimus Lesquereux, of the 
Dakota sandstone, a synonym of this species^ 
and this form, imder the name Sequoia gra- 
ciUima Newberry, has been identified from a 
large number of localities, including the 
Dakota sandstone of the West. 

Widdringtonites reichii is closely allied to if 
not identical with a common conifer of the 
Patapsco formation (Albian) of Maryland and 
Virginia, which the writer has described as 
Widdringtonites ramosus,^ This species is 
based upon Taxodinm ramosum and other so- 
called species described by Fontaine from the 
Potomac group. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette Coimty; Whites 
Bluff, Greene Coimty; big gully and upper 

1 Berry, Maryland Geol. Survey, Lower Cretaceous, p. 428, pi. 73, figs. 
1-6, 1911. 
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ravine on the Snow place, Tuscaloosa County, 
Ala. 

Collections: U. S. National Museum. 

Qenus FINTJS Llnn^. 

[Species plantarum, p. 3000, 1753.] 

PIniis raritanensis Berry. 

Ptnui raritanerms Berry, Torrey Bot. Club Bull., vol. 36, 
p. 247, 1909. New Jersey Geol. Survey Bull. 3, p. 
92, 1911. 

Pinus 8p., Newberry, The flora of the Amboy clays, p. 47, 
pi. 9, figs. 5, 6; figa. 7, 8 (?). figs. 17, 18 (?), 1896. 

This species was discovered in the upper part 
of the Raritan formation of South Amboy, 
N. J. The remains consist of slender leaves in 
fascicles of threes and poorly preserved winged 
seeds. Similar remains occur in the Magothy 
formation of New Jersey, in the Black Creek 
formation of North Carolina, and in the Mid- 
dendorf arkose member of the Black Creek 
formation of South Carolina. They are too 
indefinite to have much stratigraphic value, 
and they are of slight botanic interest beyond 
showing the presence of a pinelike form in the 
Upper Cretaceous of the Atlantic coast. In 
this connection attention should be called to 
structural material of Pinus j described by Hol- 
lick and Jeffrey,^ from the Raritan formation 
on Staten Island, N. Y., as Pinus tripJiyUaf 
which may be identical with the present form. 

Pint^-like leaves are recorded from the Kome 
beds of Greenland, the Kootenai formation of 
the West, the Trinity group of Texas, the 
Lakota sandstone of the Wyoming-South Da- 
kota region, and the Patapsco formation of Mary- 
land, and the Albian of Europe is remarkable 
for the large number of Pini^-like cones which 
it contains. Heer has also recorded five species 
from the Atane beds of western Greenland. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa Coimty, Ala. 

Collection: U. S. National Museum. 

Oenus TUMION Bafinesque. 

Tomioii caroUnianmn Berry (?). 

Tumion carolinianum Berry, Am. Jour. Sci., 4th ser., vol. 
25, p. 383, figs. 1-3, 1908; U. S. Geol. Survey Prof. 
Paper 84, p. 107, 1914. 

This species has recently been described by 
me in the publications cited. 

» Hollick, Arthur, and Jeffrey, E. C, New York Bot. Garden Mem., 
vol. 3, p. 14, pi. 3, figs. 6, 7 (?); pi 22, fig. 1, 1«09. 



Occurrence: Eutaw formation, McBrides 
Ford, Chattahoochee County, Ga. 
Collection: U. S. National Museum. 

Genus CXTPBESSINOXTLOK Goeppert. 
Cnpressiiioxyloii sp. 

Silicified wood is not uncommon in the Coffee 
sand of western Tennessee. Sections were cut 
of fragments broken from large logs preserved 
in these sands at Coffee Bluff. The material 
had evidently undergone considerable decay 
before silicification and the essential features 
for specific diagnosis are obscure, so that it has 
seemed best not to attempt a description until 
better preserved material becomes avaOable. 

Occurrence: Eutaw formation (Coffee sand 
member), Coffee Bluff, Hardin County, Tenn. 

Collection: Johns Hopkins iJniversity. 

CUss ANaiOSPEBMAS. 

Subolass MOKOGOTTLEDOKAB. 

Order ULIALBS. 

Qenus DO&YAH TUITKS Beixy. 

Ddryanthites cretmcea Berry. 

Plate XIII, figxire 1. 

DoryanthUa cretacea Berr>% Torrey Bot. Club Bull., vol. 
38, p. 406, 1911. 

Leaves, as preserved, linear, presumably 
lanceolate above and sheathing below, 4.5 to 
6 centimeters in width and preserved without 
any diminution in width for a length of 60 
centimeters. Texture very coriaceous. Mar- 
gins entire. Veins simple and parallel, im- 
mersed, considerably less than 1 millimeter 
apart. Leaves alike on both surfaces. Li the 
hollows between the veins occur rows of small 
stomata with the guard cells all oriented in a 
direction parallel with the veins and equally 
numerous on both surfaces of the leaf. Leaf 
surface under the microscope appearing finely 
striated parallel with the veins. 

These curious remains, which call to mind 
the leaves of the Paleozoic Cordaites or some 
modem giant bromeliad, are not uncommon in 
the Upper Cretaceous. They were first dis- 
covered by the writer in the Black Creek for- 
mation of North Carolina, and it is from this 
material that the stomatal characters are de- 
scribed. Recently this same form was dis- 
covered in considerable abundance at the 
Georgia locality hear Buena Vista, Marion 
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County, and in the Magothy formation of 

Maryland. 

With regard to similar remains previously 
described, it may be noted that Miquel ' in 
1853 described under the heading "Phyllitae 
monocotylei" two sorts of parallel-veined leaf 
fragments from the Upper Cretaceous of 
Aachen (Rhenish Prussia). The first' he 
calls Ytuxitesf, and the second, which suggests 
the fossils under discussion, is designated 
"Palma vel YuccUesf." From the Valan- 
ginian of Portugal, Heer » described what he 
calb Bambusium latifolium, which is also sug- 
gestive of the American material. Krasser* 
describes somewhat similarly appearing re- 
mains from the Cretaceous (Cenomanian ?) of 
Moravia as Typhadoipum cretaceum. These 
are somewhat smaUer than the American 
forms and show transverse veinlets which are 
absent in the latter. SmaUer but otherwise 
comparable Lower and Upper Cretaceous 
forms were named by Schenk EoUrion,' and 
similar older Mesozoic forms are commonly 
referred to the form genus YuccUesf Perhaps 
the most similar fossUs known are those re- 
ferred to the genus Krannera'' and fully de- 
scribed by Velenovsky, who does not, how- 
ever arrive at any satisfactory conclusion re- 
garding their relationship, although he thinks 
they are cycadaceous. 

It seems undesirable to refer the present 
material to Yuccites, for though it is simUar in 
appearance to the more ancient remains so 
named, it is entirely improbable that it is con- 
generic with the Triassic type upon which this 
genus was founded, and such an identification 
would consequently be very misleading. Until 
the existing tropical Monocotyledonae are more 
abundantly represented in our larger herbaria, 
or more complete and decisive Cretaceous 
material is discovered, the botanic afiinity of 
these anomalous forms must remain undeter- 
mined. The name chosen indicates superficial 

iMIauel F A W.,D«fossleI»ptonUnTanh*t KriJtlnheiHertogdom 

1-7, 1853. 
'. "r; OS Jid!(LtribuUon3 k la flore fossile du PortugiU, p. 22. pi. 

"i ^i^; K ton, Brttrtge lur Kenntntes der fMsilen Kreideflom von 

Kunstadt, p. 15, pi. 2, H- *. 189«- , ,„ ™. ,mo 

» Schenk. August, PalaeontograpWca, vol. W, p. 20, !»«•• 

. &Ser, I: P., and Mougeot, A.. Monographie des plantes fossUes 
dUErtBblgarrtdeIachalnedesVo8ge8,p.42,l»44. „ .^ ,„ 

.^ono^y. Joeef, Die Oynmospennen der b6hmsicben Kreidefor- 
matlon, p. 1, lass. 



resemblance and doe« wtt uti'^.y v.w^ «»•.*. 
tionship with the modem g«fi>j* h'/r-fimjji*' -/ 
the order Liliales. 

Little reliance can be plac«d ajx/n %•,;•.. */ ..■ 
of appearance in dealing with f rajfrn^iijw y m 
mains of this sort, and the {oTf^oitit^ tuf, ti.ti. 
tioned merely as indicating the \irt^'in*- </ 
undetermined monocotyledons of larg« niz* i» 
the Cretaceous floras of the world. 

Occurrence: Eutaw formation (baHai part,, 
2 miles south of Havana, Halo CJounty, Ak. 
Ripley formation (Cusseta sand memb«r;, 
Buena Vista, Marion County, Ga. 
Collections: U. S. National Museum. 



OTder OBAiaNALES. 
Oenni CTPEBACITBS SoUmpei. 
Cyperacites sp. HoDick. 

CyperadU* sp., HolUck, The Cretoceoua flora of eouthem 
New York and New England, p. 48, pi. 6, figs. 7, 8, 

1906. . 
Cyperiteaf HoUick, Torrey Bot. Club Bull., vol. 21, p. 
63, pi. 180, fig. 3, 1894.- 

Grass or sedgelike remains indistinguishable 
from the above form, described by HoUick 
from the Magothy formation of Glen Cove, 
Long Island, are present in the Tuscaloosa 
flora. They are also practicaUy indistinguish- 
able from similar remains described by Heer 
from West Greenland and by other authors 
from different horizons. None of the speci- 
mens present real specific characters and they 
have little value or interest. The present re- 
mains greatly resemble those of PodozamUes 
rmrgiruUus Heer, which is so abundant at 
near-by locaUties, but may be distinguished by 
their greater elongation and the possession of 
a weU-marked midrib. 

Occurrence: Tuscaloosa formation, roadside 
southwest of Northport, Tuscaloosa County, 

Ala. 

CoUection: U. S. National Museum. 

Qenns FEKAQMITES Ttinius. 
Phragmites prattU Berry. 

Phragmites pmllii Berry, idem, vol. 37, p. 191, 1910; U. S. 

Geol. Survey, Prof. Paper, p. 28, 1914; Bull. Torrey 

Bot. Club, vol. 43, p. 287, 1916. 
Phrwrnitet up. Berry, Torrey Bot. Club Bull., vol. 34, p. 

190, pi. 11, fig. 5, 1907. 

I have described this form in the papers cited 
and the description need not be repeated here. 
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Occurrence: Eutaw formation, Broken Ar- 
row Bend, Chattahoochee County, Ga. ; (Coffee 
sand member), Coffee Bluflf, Hardin County, 
Tenn. 

Collections: U. S. National Museum. 

Order ASECALE8. 
Qenns SABAIJTB8 Saporta. 

SabaUtes sp. 

Plate XI, figure 1. 

Fragments of leaves of a large fan palm are 
present in the basal Ripley formation of Benton 
and McNairy coimties, Tenn. They indicate 
large flabellate leaves, with numerous rays 1.5 
to 2 centimeters broad having an illy defined 
midrib and close-set parallel lateral veins. The 
texture is coriaceous. 

The material is very fragmentary, one of the 
best specimens being that figured, which is alto- 
gether insufficient for specific diagnosis. It is 
in my judgment distinct from the so-called 
Sahalitea grayanus Lesquereux of the Montana 
group of the West, Sabalites magothiensis Berry 
of the Magothy formation of the northern At- 
lantic coast, or SdbalUes carolinensis Berry of 
the Middendorf arkose member of the Black 
Creek formation of South Carolina. 

Occurrence: Ripley formation (McNairy 
sand member) , half a mile from Camden, Benton 
County (collected by L. W. Stephenson); 2i 
miles southwest of Selmer, McNairy County, 
Tenn. (collected by Bruce Wade). 

Collections: U. S. National Museum. 

Subclass DICOTTLEDOKAB. 

Order FIPEEALSS. 

FamUy PIFEBAGEAE. 

Qenns PXPEBTTES Ooeppert. 

[Die Terti&rflora auf der Insel Java, p. 40, 1854.] 

Plperites tnscaloosensis Berry, n. sp. 

Plate XII, figure 3. 

Leaves alternate on a flexuous twig, ovate- 
lanceolate in outline, inequilateral, about 6 
to 7 centimeters in length by 3 centimeters in 
maximum width,^ which is in the basal half of 
the leaf. Apex narrowed and acute. Base 
more or less inequilateral, at first broadly 
roimded and then slightly decurrent on the 
upper side, narrow and incurved on the lower 

1 All measurements of leaves in this report are of the blades. The 
lengths given are exclusive of the petiole, which when preserved is given 
separately. 



side. Petiole mediumly stout, about 1.5 centi- 
meters in length or slightly less. Midrib stout, 
usually curved. Secondaries stout, few in num- 
ber, the basal pair subopposite, branching from 
the midrib near its base at an acute angle, 
longer and stouter than succeeding pairs, giving 
the leaves a decidedly triveined character. 
Margins entire, very slightly repand. 

The present species is entirely unlike any 
previously known Upper Cretaceous plant, 
although the inequilateral leaves suggest at 
first sight the forms described from beds of 
similar age as different species of PhaseoUtes, 
as for example PhaseolUes formus Lesquereux ^ 
from the Dakota sandstone and PhaseolUes d- 
egaTia • and Phaseolites marihdsseUensis HoUick * 
from the Baritan formation of Long Island and 
New Jersey. It is not impossible that Hol- 
lick's species may represent leaves of Creta- 
ceous forms allied to the modem genus Piper 
instead of being the detached leaflets of Creta- 
ceous species allied to the modem genus Phaseo- 
lu8 with trifoliate leaves. This last possibility 
certainly is not indicated for the Alabama mate- 
rial, which shows an unmiiBtakable likeness to 
many of the numerous existing species of the 
genus Piper, The representatives of that 
genus are numerous in the warmer parts of both 
hemispheres, the various species combining a 
form like that of a fossil with a venation ranging 
from pinnate secondaries to subpalmate and 
palmate species. 

Forms referable to the present family have 
been rarely recognized in fossil floras, except 
for the unmistakable forms described from the 
Tertiary of the East Indies by Heer and 
Goeppert.* Ettingshausen described a species • 
from the Tertiary of AustraUa and Lesquereux 
one ^ from the Denver formation at Golden, 
Colo., but I have not seen any of these forms. 

Occurrence: Tuscaloosa formation, grounds 
of the State University, Tuscaloosa, Tusca- 
loosa County; Shirleys Mill, Fayette County, 
Ala. 

Collections: U. S. National Museum. 

* Lesquereux, Leo, Flora of the Dakota group, p. 147, pi. 65, figs. 5, 6, 12, 
1802. 

» Hollick, Arthur, U. 8. Geol. Survey Hon. 50, p. 85, pi. 82, fig. 4, 1907. 

« Hollick, Arthur, New York Bot. Garden Bull., vol. 3, p. 414, pi. 78, 
figs. 1, 2, 19M. 

» Piperita bullcUuB Gdppert, P. ha*9kaTlianu$ Gl^ppert, and P. miqiuU&- 
nut Q&ppert, from Java, and Piper arUiquum Heer, from Sumatra. 

* Piper feiatmantelii Ettingshausen, Beitrage zur Kenntniss der Ter- 
ti&rflcra AustraUens, pt. 2, p. 16, pi. 9, fig. 4, 1886. 

' Piper heerii Lesquereux, Harvard Coll. Mus. Comp. Zool Bull., voL 
16, p. 44, 1888. 
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Order JIXaLANDALES. 

Family JIXaLANDACSAE. 

Oenus JITQLANS Llim6. 

Juglans arctica Heer. 

JugUmt arctica Heer, Flora fossilis arctica, vol. 6, pt. 2, 

p. 71, pi. 40, fig. 2; pi. 41, fig. 40; pi. 42, figs. 1-3; 

pi. 43, fig. 3, 1882. 
Leequereux, The flora of the Dakota group, p. 68, 

pi. 19, fig. 3, pi. 39, fig. 5, 1892. 
Newberry, The flora of the Amboy clays, p. 62, 

pi. 20, h%. 2, 1896. Hollick, Ann. Acad. Soi. 

New York, vol. 11, p. 58, pi. 3, fig. 7, 1898. Berry, 

New Jersey Geol. Survey Ann. Rept. for 1905, p. 

139, pi. 21, fig. 1, 190$; Torrey Bot. Club Bull., 

vol. 33, p. 170, 1906; New Jersey Geol. Survey 

Bull. 3, p. 110, 1911. 
Hollick, The Cretaceous flora of southerly New York 

and New England, p. 54, pi. 9, figs. 6-8, 1906. 
Ficu8 atavina Heer. Hollick, New York Acad. Sci. 

Trans., vol. 11, p. 103, pi. 4, fig. 5, 1892. 

The leaves of this species differ considerably 
in size and outline, as might be expected in 
the present genus. Heer's type material is 
somewhat imperfect, and some of it can with 
diQiculty be discriminated from some of the 
forms referred to the same author's Juglans 
crassipeSf although that species is o^ the 
whole a much leader form with a narrower base 
and is less oblong in outline. Juglana arctica 
is oblong-ovate in outline with an obtusely 
pointed apex, and a rounded, generally inequi- 
lateral base. The petiole and midrib are stout. 
Secondaries numerous, well marked, parallel, 
camptodrome. The size ranges in complete 
specimens from 9 to 15 centimeters in length 
and from 3 to 6 centimeters in width. 

A nut and catkins are associated with the 
leaves at the type locality in the Atane beds 
of Greenland, which confirms their reference 
to this genus. The species has a wide range, 
having been recorded from both the east and 
west in the United States. 

In the Atlantic Coastal Plain it ranges from 
the middle part of the Raritan formation of 
New Jersey upward through the Magothy 
formation of that State and synchronous de- 
posits southward into the basal beds of the 
Eutaw formation of western Georgia. It is 
sparingly represented from beds near the base 
of the Tuscaloosa formation in western Ala- 
bama and from this most southerly known 
occurrence it ranges northward to ' western 
Greenland, or over about 38° of latitude, 
occurring in Georgia, South Carolina, North 
Carolina, Maryland, New Jersey, New York, 
and Massachusetts. 



Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa Coimty, Shirleys Mill, Fayette 
County, Ala. Eutaw formation G>asal part), 
McBrides Ford, Chattahoochee Coimty, Ga. 

Collections: U. S. National Museum. 

Order MTBICALES. 

FanUly MTBICACSAE. 

Oenus MTBICA De GandoUe. 

Myrica emarginata Heer. 

Plate XIII, figure 4. 

Myrica emarginata Heer, Flora fossilis arctica, vol. 6, Abt 

2, p. 66, pi. 41, fig. 2, 1882. 
Lesquereux, The flora of the Dakota group, p. 67, pi. 

12, fig. 1, 1892. 
Newberry, The flora of the Amboy clays, p. 62, pi. 4.i , 

figs. 10, 11, 1896. 
Berry, New Jersey Geol. Survey Bull. 3, p. 104, pi. 10, 

fig. 5, 1911. 

Heer's description, published in 1882, is as 
follows: 

M. foliis oblongis, integerrimis, apice emaiginatis, basi 
attenuatis, nervis secundariis subtilissimis. 

The Raritan leaves referred to this species by 
Newberry are not quite typical of this species 
being somewhat more elongate and lacking the 
strictly obovate outline shown in the Atane 
leaves and those from the Dakota sandstone. 
The remains from the Tuscaloosa formation 
which are referred to this species are intermedi- 
ate in character between the Baritan leaves and 
the type from Greenland, being relatively wider 
and more robust than the type. They may be 
characterized as follows: Leaves obovate in 
outline, widest at the rounded, truncate, and 
more or less emarginate apex, with entire mar- 
gins narrowing to the cuneate base. Midrib 
mediumly stout, flexed in the Alabama mate- 
rial. Secondaries, five thin pairs, subopposite, 
diverging from the midrib at angles of about 
45°, camptodrome. The reference of this 
species to the genus Myrica is entirely prob- 
lematic. The present species is astonishingly 
close to a form from Niederschoena, Saxony, 
/described by Engelhardt ^ as Mimusops bal- 
lotaevides. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa Coimty, and Shirleys Mill, 
Fayette Coimty, Ala. 

Collections: U. S. National Museum. 

1 Engelhardt, Hermann, Naturwiss. Oesell. Isis in Dresden Abb. 7, 
Jabrg. 1891, p. 98, pi. 2, fig. 13, 1892. 
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Myrlca longa (Heer) Heer. 

Proteoides Icngut Heer, Flora fossiliB arctica, vol. 3, Abt. 2, 

p. 110, pi. 29, ^, 8b; pi. 31, figs. 4, 5, 1874. 
Dawson, Roy. Soc. Canada Trans., vol. 1, sec. 4, p. 22, 

pi. 2, fig. 8, 1883. 
Myrica longa (Heer) Heer, Flora fossilis arctica, vol. 6, 

Abt. 2, p. 65, pi. 18, fig. 9b; pi. 29, figs. 15-17; pi. 33, 

fig. 10; pi. 41, fig. 4d, 1882; idem, vol. 7, p. 21, 1883. 
Lesquereux, The flora of the Dakota group, p. 67, pi. 

3, figs. 1-6, 1892. 
Bartsch, Iowa Univ. Lab. Nat. Hist. Bull., vol. 3, p. 

180, 1896. 
Knowlton, U.S. Geol. Survey Twenty-first Ann. Rept., 

pt. 7, p. 314, pi. 39, fig. 7, 1901. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 170, 1906. 

Leaves of variable size, linear to lanceolate in 
outline, with a stout midrib, numerous thin, 
ascending camptodrome secondaries, entire 
margins, obtusely pointed apex, narrowly 
decurrent base, and long, stout petiole. 

This species was described by Heer as a 
Proteoides and subsequently referred to the 
genus Myrica. It occurs in both the Atane and 
Patoot beds of Greenland, in the Dakota sand- 
stone of the West, in the Magothy formation of 
Maryland, and in the Woodbine sand of Texas. 
It is very common at the Tuscaloosa locality. 

Occurrence: Tuscaloosa formation, big gully 
and upper ravine on the Snow place, Tusca- 
loosa County, Ala. 

Collection: U. S. National Museum. 

Myrica dakotensts minima Berry, n. var. 

Plate XIII, figures. 

Leaves of very small size, linear or oblong 
lanceolate in outline, gradually narrowed and 
decurrent to a short thick curved petiole. 
Length about 1.6 centimeters. Maximum 
width, in the middle part of the leaf, about 3.5 
millimeters. Margins entire at base, above 
this closely crenulate. Midrib relatively stout, 
flat. Secondaries numerous, thin, subparallel, 
diverging from the midrib at angles of about 
45°, curving slightly upward, eventually 
camptodrome. 

This characteristic Httle leaf is identical 
with the Dakota sandstone species Myrica 
daJcotensis Lesquereux,^ except that it is oiJy 
about one-fourth or one-fifth the size of the* 
western form. Its relationship to Myrica is 
questionable. 

1 Lesquereux, Leo, The Cretaceous and Tertiary floras, p. 35, pi. 4, 
flg. 9, 1883. 



Occurrence: Tuscaloosa formation. Glen Al- 
len, Fayette County, Ala. 
Collection: U. S. National Museimi. 

Myrica ripleyensis Beny. 

Plate XI, figure 2. 

Myrica ripleyensis Berry, Torrey Bot. Club Bull., vol. 43, 
p. 288, 1916. 

Leaves of medium size, linear-lanceolate in 
outline with a gradually narrowed and acimi- 
inate tip and a cuneate base. * Length about 
13 centimeters. Maximum width, in the mid- 
dle part of the leaf, about 1.75 centimeters. 
Margins 'conspicuously serrate toothed, the 
teeth somewhat irregular in size and disposi- 
tion; distad they are reduced and close-set. 
They increase in size proximad until in the 
median and basal part of the leaf they are 
large and triangular, the intervening sharp 
sinuses reaching nearly to the midrib and 
closely simulating our recent Comptonia in 
character. Texture coriaceous. Petiole not 
preserved, presumably short and stout. Mid- 
rib stout, flexuous. Secondaries numerous, 
diverging from the midrib at wide angles, 
about 70°, every third or fourth one straighter 
than the rest and running to a marginal tooth, 
the intervening ones somewhat more curved 
and camptodrome. 

This species is exceedingly well marked and 
is entirely distinct from previously described 
forms. It resembles closely some of the 
leaves of our existing Comjdon^ia peregrina 
(Linn6) Coulter. It is also much like some of 
the European Tertiary forms about which so 
much controversy raged in times past as to 
whether they were myricaceous or proteaceous.' 
For example, some of the forms of Comptonia 
vindobonensis (Ettingshausen) Berry are sim- 
ilar to the present species. A somewhat sim- 
ilar form is described by Velenovsky from the 
Bohemian Cretaceous as Dryandra creta^cea * 
and another by linger from the Cretaceous of 
Transylvania as Comptonites antiquus.^ These 

« See Berry, E. W., Living and fossil species of ComptonUii Am. 
Naturalist, vol. 40, pp. 485-520, pis. 1-4, 1906. 

s Velenovsky, Josef, Die Flora der Bohmischen Kreideformation, pt. 
2, p. 1, pi. 1, figs. 1-5, 1883. 

* Unger, Franz, Ueber einige fossile Pflanzenreste aus SiebenbOrgen 
und Ungam: K. Akad. Wiss. Wien Sitxungsber., Band 51, pt. 1, p. 2, 
pi. 1, flg. 1, 1865. 
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are both generically distinct from the present 
species, as shown by their characteristic habit. 

Occurrence: Ripley formation (McNairy sand 
member), Camden-Paris road, 13 miles north- 
west of Camden, Benton County, Tenn. (col- 
lected by L. W. Stephenson) ; 2i miles south- 
west of Selmer, McNairy County, Tenn. (col- 
lected by Bruce Wade). 

Collections: U. S. National Museum. 

Order FAQALES. 

FamUy FAQACEAE. 
Qenus D&YOPHTLLITM Debey. 
• DryophyDimi gnicile Debey. 

Plate XXXII, figure 2. 

Dryophyllum gracile Debey, Feuilles quercifonnes d*Aix- 
la-Chapelle, p. 10, figs. 10, 11, 1881. 
Berry, Torrey Bot. Club Bull., vol. 43, p. 290, pi. 16, 
fig. 6, 1916. 

Leaves oblong-lanceolate in outline, with a 
cuneate base and a gradually narrowed tip. 
Length about 12 centimeters. Maximum width, 
about midway between the apex and the base, 
ranging from 1.75 to 2.5 centimeters. Petiole 
missing. Texture subcoriaceous. Margin with 
regularly spaced, fairly prominent, nearly 
straight serrate teeth. Midrib stout, promi- 
nent on the lower surface of the leaf. Second- 
aries thin, r^ularly spaced, about 15 craspedo- 
drome pairs branching from the midrib at an- 
gles of 45° or more, curving regularly upward, 
subparallel, terminating in the marginal teeth. 
Tertiaries thin, partly percurrent and partly 
alternating, joined midway between adjacent 
secondaries by a zigzag vein. 

This well-marked species is represented by 
five specimens from the Ripley formation of 
Tennessee. None of these are complete, each 
showing about two-thirds of a leaf, enough to 
demonstrate their identity with the European 
type, which came from the Emscherian of Aix- 
la-Chapelle, Rhenish Prussia. Additional Eu- 
ropean occurrences are Tannenbei^, Bohemia, 
and Kjeslingswalde, Silesia, all at about the 
same horizon and probably in the Santonian 
substage of the Emscherian. 

Occurrence: Ripley formation (McNairy sand 
member), big cut on the Southern Railway near 



Cypress and 2^ miles southwest of Selmer, Mc- 
Nairy County, Tenn. 
Collection: Johns Hopkins University. 

Order SALICALES. 

FamUy SALICACBAE. 

Oenus SALIX Liim6. 

Salix flexnosa Newberry. 

Plate XIII, figure 3. 

Salix flexuom Newberry, Lyceum Nat. Hist. New York 
City Ann., vd. 9, p. 21, 1868; Illustrations of Cre- 
taceous and Tertiary plants, pi. 1, fig. 4, 1878. 

Berry, New Jersey Gebl. Survey Ann. Rept. for 1905, 

p. 145, 1906; Torrey Bot. Club Bull., vol. 33, p. 171, 

1906; New Jersey Geol. Survey Bull. 3, p. 115, 1911. 

Salix proteae/olia linearifolia Lesquereux, The flora of the 

Dakota group, p. 49, pi. 44, figs. 1-3, 1892. 

Hollick, The Cretaceous flora of southern New York 
and New England, p. 52, pi. 8, fig. 12, 1906. 
Salix proteae/olia flexuosa (Newberry) Lesquereux, The 
flora of the Dakota group, p. 50, pi. 44, figs. 4, 5, 1892. 

Hollick, Torrey Bot. Gub Bull., vol. 21, p. 50, pi. 174, 
fig. 5, 1894; New York Acad. Sci. Ann., vol. 11, p. 
59, pi. 4, fig. 5a, 1898; The Cretaceous flora of south- 
ern New York and New England, p. 51, pi. 8, figs. 
5, 6a; pi. 37, fig. 8b, 1906. 

Berry, New York Bot. Garden Bull., vol. 3, p. 67, pi. 
48, fig. 12; pi. 51, fig. 2, 1903. 

Leaves narrow, linear-lanceolate in outline, 
equally pointed at both ends, short petioled, 
ranging from 5 to 10 centimeters in length, and 
from 8 to 13 millimeters in maximum width. 
Margins entire. Midrib stout below, tapering 
above, somewhat flexuous in many specimens. 
Secondaries more or less remote, about 10 alter- 
nate pairs, branching from the midrib at angles 
ranging from 35® to 45*^, camptodrome, of fine 
caliber, many of them obsolete. 

This species was described by Newberry from 
the Dakota sandstone in 1868. Lesquereux 
subsequently made it one of the varieties of his 
Salix proteaefolia, although it is obviously 
entitled to independent specific rank. It is of 
rare occurrence in the Raritan formation of 
New Jersey, where it is first found in the upper- 
most beds at South Amboy, N. J., and it is 
preeminently a species which characterizes the 
Magothy formation from New Jersey to 
Maryland and homotaxial horizons to the south. 
It is recorded from the Magothy formation 
from Marthas Vineyard to Potomac River. 
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It occurs in the Black Creek formation of 
North and South Carolina, and in the Midden- 
dorf arkose member of the Black Creek in the 
latter State. In Georgia, though not especially 
abimdant, characteristic leaves of this species 
are found in the lower part of the Eutaw 
formation in the western part of the State. 
In Alabama it is very common at a relatively 
large number of localities from the base to the 
top of the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shir- 
leys Mill, Glen Allen, Fayette County; big 
gully and upper ravine on the Snow place; 
Robertson's upper landing, and Sanders Ferry 
Blxiff, guHy at Tuscaloosa, Tuscaloosa Coimty; 
Whites Blxiff, Greene County; near Maples- 
ville, Chilton County, Ala. Eutaw formation, 
McBrides Ford, Chimney Bluff, Broken Arrow 
Bend, Chattahoochee County, Ga. 

Collections: U. S. National Museum. 

Salix le8<iaereiixii Berry. 

Salix lesquereurii Berry, Torrey Bot. Club Bull., vol. 36, 
p. 252, 1909; idem, vol. 37, pp. 21, 194, 1910; New 
Jersey Geol. Survey Bull. 3, p. 114, 1911. 

Salix proteaefolia Leequereux, Am. Jour. Sci., 2d ser., 
vol. 46, p. 94, 1868 (not Forbes); The Cretaceous 
flora, p. 60, pi. 6, figs. 1-4, 1874; The Cretaceous and 
Tertiary floras, p. 42, pi. 1, figs. 14-16, pi. 16, fig. 3, 
1883; The flora of the Dakota group, p. 49, 1892. 
Newberry, The flora of the Amboy clays, p. 66, pi. 18, 

figs. 3, 4, 1896. 
Kurtz, Rev. Mus. La Plata, vol. 10, p. 51, 1902. 
Berry, New Jersey Geol. Survey Ann. Rept. for 1905, 
p. 139, 1906; Torrey Bot. Club BuU., vol. 33, p. 171, 
pi. 7, fig. 2, 1906; Johns Hopkins Univ. Circ., new 
ser.. No. 7, p. 81, 1907. 

Salix proteaefolia longi/olia Lesquereux, The flora of the 
Dakota group, p. 50, pi. 44, fig. 9, 1892. 
BartBch, Univ. Iowa Lab. Nat. Hist. Bull., vol. 3, 
p. 179, 1896. 

Proteoides daphnogenoides Heer . Newberry, The flora of the 
Amboy clays, p. 72 (part), pi. 32, fig. 11, 1896. 

Dewalquea groenUmdica Heer. Newberry, The flora of the 
Amboy clays, p. 129 (part), pi. 41, fig. 12, 1896. 

Leaves'ovate-lanceolate in outline, somewhat 
more acuminate above than below, variable in 
size, ranging from 6 to 12 centimeters in length, 
and from 1.1 to 2.2 centimeters in greatest 
width, which is usually slightly below the 
middle. Petiole stout, much longer than in 
Salix jlexuosa, having a maximum length of 
1.2 centimeters. Midrib stout below, tapering 
above. Secondaries numerous, in some speci- 
mens as many as 20 pairs; they branch from 



the midrib at angles of about 45° and are paral- 
lel and camptodrome. 

This species is exceedingly variable, as might 
be expected in a SaliZj and Lesquereux estab- 
lished several varieties, of which at least one, 
linearifolia, is referable to Salix^flexuosa New- 
berry. Some of Lesquereux's forms are dis- 
tinguishable with diflBculty from Salix JlexiLosa, 
and this is especially shown in the leaves which 
he figures in Plate I of his *' Cretaceous and 
Tertiary floras.'' They are, however, larger 
and somewhat more robust, of a thicker tex- 
ture, and broadest near the base, from which 
they taper upward to an exceedingly acumi- 
nate tip. In general Salix lesquereuxii is a 
relatively much broader, more ovate form 
with more numerous and better seen secon- 
daries and a longer petiole. 

This species is an exceedingly abundant 
Cretaceous type in both the East and the 
West, ranging chronologically in the Coastal 
Plain from the base of the Raritan formation 
to the top of the Tuscaloosa formation, and 
possibly through the Eutaw formation as well. 
It is abundant in the Magothy and Black Creek 
formations, including the Middendorf arkose 
member of the Black Creek. In the west it is 
common in the Dakota sandstone. It is one 
of the forms reconled by Kurtz from the 
Upper Cretaceous of Argentina, indicating, if 
the identification is correct, a very considerable 
migration during the early Upper Cretaceous. 
In Alabama it ranges from the bottom to the 
top of the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County; big gully 
on the Snow place, left bank of Black Warrior 
River at Tuscaloosa; Sanders Ferry Bluff, 
Cottondale, and gully in Tuscaloosa, Tuscaloosa 
County, Ala. Eutaw formation, Chimney 
Bluff, Chattahoochee County, Ga. 

Collections : U. S. National Museum. 

Salix eutawensis Berry. 

Salix eutawerms Berry, Torrey Bot. Club Bull., vol. 37, 
p. 193, pi. 22, figs. 1-11, 1910; U. S. Geol. Survey 
Prof. Paper 84, p. 109, pi. 19, fig. 3, 1914; Torrey 
Bot. Club Bull., vol. 43, p. 289, 1916. 

This characteristic species was recently de- 
scribed in. the papers cited and the discussion 
need not be repeated here. 
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Occurrence: Eutaw formation (basal part), 
Broken Arrow Bend, Chattahoochee County, 
Ga.; (Coffee sand member), cut on the Nash- 
ville, Chattanooga & St. Louis Railway, just east 
of Parsons, Decatur County, Tenn. 

Collections : U. S. National Museum. 

Salix meekfi Newberry. 

Salizmeehii Newberry, Lyceum Nat. Hist. New York 
City Ann., vol. 9, p. 19, 1868; The later extinct 
floras of North America, p. 58, pi. 2, fig. 3, 1898. 
I..eequereiix, The Oretaceoua and Tertiary floras, p. 42, 

1883. 
HoUick, New York Bot. Garden Bull., vol. 2, p. 404, 
pi. 41, fig. 1, 1902; New York Acad. Sci. Trans., 
vol. 16, p. 130, pi. 13, figs. 3, 4, 1897; The Creta- 
ceous flora of southern New York and New England, 
p. 51, pi. 8, figs. Ic, 8, 9, 1906. 
Berry, New York Bot: Garden Bull., vol. 3, p. 68, 
1903. 

Salic cuneata Newberry, Lesqueroux, Illustrations of 
Cretaceous and Tertiary plants, pi. 1, figs. 2, 3, 1878. 

Salix proteae/olia Umceolala Lesquereux, The flora of the 
Dakota group, p. 50, pi. 64, figs. 6-8, 1892. 
Hollick, New York Ac^. Sci. Ann., vol. 11, p. 59, 
pi. 4, fig. 4, 1898; The Cretaceous flora of southern 
New York and New England, p. 52, pi. 8, figs, la, 
2-4, 1906. 

The original description of this species, 
published by Newberry in 1868, is as follows: 

I.*e&vee petioled, thin and delicate, lanceolate, acute 
at hoth ends, nervation delicate, midrib slender, sec- 
ondary nerves fine, springing from the medial nerve at 
an angle of 35°, gently arched and anastomosing near the 
margins; network of tertiary veins somewhat lax but 
composed of nerN'ules of such tenuity as to be rarely 
visible. 

This is one of the historic Dakota sandstone 
plants, a sketch of which was submitted to 
Heer by Meek in the early days of the study 
of that formation. It has since been recorded 
from a large number of localities in the Magothy 
formation of the Atlantic Coastal Plain and 
from strata of supposed Colorado age in 
western Iowa.* It is not common in the 
Tuscaloosa flora but is represented by typical 
thin lanceolate leaves. It is doubtfully dis- 
tinct from the associated Salix lesquereuxii 
Berry. 

i Stanton, T. W., The Colorado formation and its invertebrate fauna: 
U. S. Oeol. Survey Bull. 106, p. 21, 1893. 



Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Genus POPULXTS Liim6. 

Popttlus hjrperborea Heer. 

PoptUus hyperhorea Heer, Flora foesilis arctica, vol. 3, pt. 2, 
p. 106, pi. 27, ^. 8d; pi. 29, figs. 6-9; pi. 30, fig. 2b, 
1874; idem, vol. 6, pt. 2, p. 64, pi. 17, figs. 6, 7; 
pi, 21, Gg. la, 1882. 

Lesquereux, The flora of the Dakota gn>up, p. 43, 
pi. 3, figs. 9-11; pi. 8, fig. 1; pi. 47, Gg. 5, 1892. 

Bartsch, Iowa Univ. Lab. Sci. Bull., vol. 3, p. 179, 
1896. 

Leaves ovate to elliptical in outline with a 
broadly roimded apex and a broadly roimded 
to cuneate base. Length ranges from 4 to 7 
centimeters. Maximimi width, in middle part 
of the leaf, 6 to 6 centimeters. Margins entire. 
Texture coriaceous. Petiole stout, curved, 
about 2 centimeters long. Midrib stout. 
Secondaries stout, 6 or 6, opposite to alternate 
pairs, diverging from the midrib at acute 
angles and somewhat crowded toward the 
base of the midrib, camptodrome, the lower 
ones giving off outwardly directed campto- 
drome tertiaries. Balance of tertiaries thin, 
percurrent. 

This species was described by Heer from 
very fragmentary material from the Atane 
beds of West Greenland. Lesquereux de- 
scribed much more complete material from the 
Dakota sandstone, in which this species is 
common both in Kansas and Iowa. The 
species is represented by considerable material 
from the Tuscaloosa formation that is obvi- 
ously identical with that from Kansas with 
which comparisons can be made much more 
conclusively than with the figures of the 
Greenland specimens. , 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

Genus POPITIiITSS Lesquereux. 
Populites toBcalooseiisis Berry, n. sp. 

Plate XIII, figure 2. 

Leaves ovate-eUiptical in outline with an 
obtusely roimded apex and a cuneate base. 
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Length about 7 centimeters. Maximuin width 
about 5.25 centimeters in the basal half of the 
leaf. Texture subcoriaceous. Margia entire 
below, becoming undulate or slightly repand 
above by the development of a very shallow 
rounded sinus between the tips of some of the 
secondaries. Midrib stout, slightly flexuous. 
Secondaries stout, becoming thin distad, about 
five alternate, parallel, craspedodrome pairs; 
they branch from the midrib at regular inter- 
vals at angles of almost exactly 45® and pursue 
a straight course to the margins. Tertiaries 
mostly percurrejit, those which run outward 
from the basal secondaries apparently running 
directly to the margin. 

Tliis species is entirely distinct from any of 
the previously described species of Popttlites 
which are so numerous and variable in the 
Dalcota sandstone. It is closest to some of the 
forms of Populites litigiosus of Lesquereux, 
which both Heer and Newberry referred di- 
rectly to the genus Popvlus. Knowlton has 
described a species which he names Populus 
cretcLcea ^ and which comes from the Montana 
group of Montana. In some of its forms * this 
species is similar to Popttlites iuscaloosensis. 
The other figured forms are not at all like the 
Tuscaloosa leaves. A comparison of the similar 
form of Populua cretacea with the Tuscaloosa 
species shows that the latter is pinnatifid and 
presents no indication of any differentiation in 
the lower secondaries. The secondaries are 
stouter; the teeth are much feebler, less 
numerous, less acute, and never present except 
at the apex of secondaries. The tertiaries are 
more regularly percurrent. 

The twa species are beUeved to be entirely 
distinct, and the Alabama form is clearly aUied 
with the Dakota sandstone forms of PopvMtes 
in all of its essential characters. 

Occurrence: Tuscaloosa formation. Glen 
Allen, Fayette County; gully at Tuscaloosa, 
Tuscaloosa County, Ala. 

Collections: U. S. National Museum. 

1 Knowlton, F. U., U. S. Oeol. Survey Bull. 257, p. 138, pi. 17, figs, l-i, 
1905. 
* Idem, pi. 17» fig. 1. 



Older UBTICALKS. 
Tunny MOSACEAE. 
Oeiras YICUS Linn^. 

Flcvs kransiaiui Heer. 

Ficui hrausiana Heer. Allg. schweiz. Cresell. gesammt. 

NaturwiBB. Bern Neue Denlwchr., Band 23, p. 16, 

pi. 5, figs, a-6, 1869. 
Iveequereux, The flora of the Dakota group, p. 81, 

pi. 1, fig. 5, 1892. 
Holiick, Geol. Soc. America Bull., vol. 7, p. 13, 1895; 

New York Acad. Sci. Ann., vol. 11, p. 59, pi. 3, fig. 1, 

1898; The Cretaceous flora of southern New York and 

New England, p. 58, pi. 9, fig. 9, pi. 10, figs. 1-3, 

1906. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 172, 1906; 

idem, vol. 43, p. 291, 1916. 
Ficus beckwithii Lesquereux, The Cretaceous and Tertiary 

floras, p. 46, pi. 16, &g. 5; pi. 17, figs. 3, 4, 1883. 
Ficus nupecta Velenovsky, Die flora der bOhmischen 

Kreideformation, pt. 4, p. 10, pi. 5, figs. 6, 9, 1885. 
Ficta atavina Heer (?). HoUick, New York Acad. Sci. 

Trans., vol. 11, p. 103, pi. 4, figs. 4, 6, 1892. 

Leaves of lai^e size, ovate-lanceolate in out- 
line, broadest at or below the middle. Apex 
and base acutely pointed, the apex often ex- 
tended and attenuated. Petiole and midrib 
stout. Secondaries regular, open, thin, ascend- 
ing, camptodrome, branching from the midrib 
at angles of 45° or more. Length about 17 
centimeters. Greatest width about 4 centi- 
meters. 

This well-known Upper Cretaceous species 
was described originally from the Cenomanian 
of Moravia, and it has been subsequently re- 
corded from a large number of American local- 
ities. In the West it occurs in the Dakota 
sandstone; in the East it is common from 
Marthas Vineyard to Alabama and is present 
between these limits in Maryland, North Caro- 
lina, South Carolina, and Georgia. These oc- 
currences are all in beds of Magothy age or 
younger. In both North Carolina and South 
Carolina fruits of Ficus are associated with this 
species, but whether they are to be referred to 
it or to some of the other rather numerous 
species of Ficus which occur at the same local- 
ities can not be determined. The present 
species is one of the commonest post-Raritan 
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fossils in the Coastal Plain, and it is especially 
abundant in the Middendorf arkose member of 
the Black Creek formation of South Carolina. 
In Alabama it is not uncommon in the Tus- 
caloosa formation, and it persists into the basal 
beds of the Eutaw formation in Hale Coimty. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County; Cotton- 
dale ( ?), Sanders Ferry Bluff, and upper ravine 
on the Snow place, Tuscaloosa County, Ala. 
Eutaw formation (basal part), 2 miles south of 
Havana, Hale County, Ala.; Chimney Bluff, 
Chattahoochee Coimty, Ga. ; Coffee sand mem- 
ber of Eutaw formation. Coffee Bluff, Hardin 
County, Tenn. 

Collections: U. S. National Museum. 

Fleas crassipes (Heer) Heer. 

ProUoides crampes Heer, Flora foflsilis arctica, vol. 3, Abt. 

2, p. 110, pi. 31, figs. 6-8a, 1874. 
Ficus crassipes (Heer) Heer, Flora foflsilis arctica, vol. 6, 

Abt. 2, p. 70, pi. 17, fig. 9a, pi. 24, &g^. 1, 2. 
Lesquereux, The flora of the Dakota group, p. 79, pi. 

13, fig. 3, 1892. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 172, 1906; 

idem, vol. 43, p. 291, 1916. 
Ficus daphnogenoidu (Heer) Berry, Johna Hopkins Univ. 

Circ, new ser., No. 7, p. 81, 1907. 

Leaves entire, narrowly lanceolate in outline, 
about equally tapering to the acuminate apex 
and base. Length 12 to 20 centimeters. 
Greatest width, which is in the middle part of 
the leaf, 1.8 to 2.5 centimeters. Texture cori- 
aceous. Midrib stout, in many specimens 
extraordinarily so. Secondaries thin, open, 
ascending, camptodrome. 

This species was described originally from the 
Atane beds of western Greenland; the first 
rather fragmentary specimens collected sug- 
gested a relationship with the gQmxs Proteoides. 
Subsequently the original describer referred it 
to FicuSj where it undoubtedly belongs. 
Lesquereux has recorded it from the Dakota 
sandstone of the West, and it is common in the 
Magothy formation of the northern Atlantic 
Coastal Plain and in the Black Creek formation 
of North Carolina. It persists into the Eutaw 
formation of Georgia and is especially common 
in the Middendorf arkose member of the Black 
Creek formation of South Carolina. It is not 
very common in the Tuscaloosa formation and 



is a species which is especially characteristic of 
the post-Raritan and pre-Matawan horizons of 
eastern North America. 

The leaf substance is partially preserved in 
the Sanders Bluff material and shows in micro- 
scopic preparations the spiral tracheids of the 
leaf veins and numerous lactiferous cells. Both 
lower and upper epidermal layers are well pre- 
served. They are thin and highly cuticidar- 
ized, the epidermis consisting of very small, 
nearly equilateral, quadrangular thick-walled 
cells. The stomata are few and scattered and 
are confined to the lower surface. They con- 
sist of two rather thin, sausage-shaped guard 
cells set on edge — that is, much higher than 
wide, the length equal to two epidermal cells. 

Occurrence: Tuscaloosa formation, Sanders 
Ferry Bluff, and big gully and upper ravine on 
the Snow place, Tuscaloosa Coimty, Ala. 
Eutaw formation, Chimney Bluff, Chattahoo- 
chee County, Ga. (Coffee sand member). Cof- 
fee Bluff, Hardin County, Tenn. 

Collections: U. S. National Museimi. 

Fleas georglaiia Berry. 

Ficus georgiana Berry, U. S. Geol. Survey Prof. Paper 84, 
p. Ill, pi. 20, fig. 1, 1914. 

I have recently described this form from the 
Eastern Gulf region in the paper cited. 

Occurrence: Ripley formation (Cusseta sand 
member), near Buena Vista, Marion Coimty, 
Ga. 

Collection: U. S. National Museum. 

Fleas ovatifoUa Berry. 

Ficus ovatxfolia Berry, Torrey Bot. Club Bull., vol. 36, p. 

253, 1909; U. S. Geol. Survey Prof. Paper 84, p. Ill, 

pi. 19, figs. 5-7, 1914. 
Ficus ovata Newberry, The flora of the Amboy clays, p. 70, 

pi. 24, figs. 1-3, 1896 (not Don). 

I have recently discussed this species for the 
Eastern Gulf area in the paper cited. It may 
be distinguished from the closely allied Ficus 
wooUoni by its greater elongation and narrower 
base. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga.; 
(Coflfee sand member), Coffee Bluff, Hardin 
Coimty, Tenn. 

Collections: U. S. National Museum. 
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Fleas daphnogenoides (Heer) Berry. 

Plate XIII, figures 6, 7. 

Proteoides daphnogenoides Heer, Phyllites cr^tac^es du 
Nebraska, p. 17, pi. 4, figs. 9, 10, 1866. 

Lesquereux, The Cretaceous flora, p. 85, pi. 15, figs. 
1, 2, 1874; The flora of the Dakota group, p. 90, 
1892. 

Hollick, New York Acad. Sd. Trans., vol. 11, p. 98, 
pi. 3, figs. 1, 2, 1892; idem, vol. 12, p. 36, pi. 2, 
figs. 4, 9, 13, 1893; Torrey Bot. Club Bull., vol. 21, 
p. 52, pi. 177, fig. 1, 1894; The Cretaceous flora of 
southern New York and New England, p. 59, pi. 12, 
figs. 1-5, 1906. 

Smith, On the geology of the Coastal Plain of Alabama, 
p. 348, 1894 (determined by Ward). 

Newberry, The flora of the Amboy clays, p. 72, pi. 17, 
figs. 8, 9; pi. 32, figs. 11, 13, 14; pi. 33, fig. 3; pi. 41, 
fig. 15, 1896. 

Berry, New York Bot. Grarden Bull., vol. 3, p. 74, pi. 
51, figs. 6-9, 1903. 
Ficus daphnogenoides (Heer) Berry, Torrey Bot. Club Bull., 
vol. 32, p. 327, pi. 21, 1905; idem, vol. 33, p. 173, 
pi. 7, fig. 5, 1906; idem, vol. 34, p. 194, pi. 11, figs. 
10, 11, 1907. 
Ficus proteoides Lesquereux, The flora of the Dakota group, 

p. 77, pi. 12, fig. 2, 1892. 
Eucalyptusf attenuata Newberry, The flora of the Amboy 
clays: New Jersey Geol. Survey Bull. 3, p. 122, 
pi. 12, fig. 4, 1911; pi. 16, 5g, 5 (not figs. 2, 3), 1896. 

Heer^s description, published in 1866, is as 
follows: 

Les feuilles sont coriaces, k la base att^nu^, enti^res; 
la nervure m^diane est forte; elle porte deux nervures 
secondaires faibles, aerodromes, qui sont presque parallMes 
au limbe; mais elles ne sont pas oppos^, comme chez les 
Daphnogene et Cinnamomum. 

This species was described by Heer from the 
Dakota sandstone of Nebraska, and was based 
upon very incomplete material. His speci- 
mens have some long ascending secondaries, 
but Lesquereux's more complete specimens 
from the same formation and region show that 
these secondaries were not aerodrome but 
camptodrome. The species in this feature, and 
also in other respects, differs from Protea and 
its alUes, which are more coriaceous and have 
the secondaries branching at acute angles and 
massed toward the generally apetiolate base. 
When compared with the genus Ficus it is 
foimd to closely resemble a number of different 
species from such widely separated localities as 
Central and South America and the Celebes. 
Especially among the Mexican and Central 
American forms are very similar leaves seen; 
for example, Ficus fasciculata Watson, Ficvs 
lancifolia Hooker and Amott, Ficus ligustrijia 
Kunth and Bouch^, and especially Ficus sapida 



Miquel, which has much the same outline and 
consistency, the same prominent midrib, and 
the same venation. When the fossil forms 
are placed in the genus FicuSj where they 
properly belong, they find their affinity in the 
group which includes, among others, such 
species as Ficus elongata Hosius, Ficus her- 
thoudi Lesquereux, Ficus suspecta Velenovsky, 
and Ficus Jerau^siana Heer. 

This species has been found to be quite 
variable in size, ranging in length from 1 1 to 
22 centimeters and in width from 1.9 to 3.7 
centimeters. It is usually widest in the lower 
half of the leaf, although in some specimens the 
base is quite narrow and the widest part is 
toward the middle. In all xmequivocal mate- 
rial the upper half of the leaf is narrow and is 
produced as a long, slender, commonly re- 
curved tip, which is one of the characteristic 
features of the species. This tip is strictly 
comparable with the *' dripping points'^ de- 
veloped on various leaves in the modem 
Tropics where precipitation is heavy. 

Ficu>s daphnogenoides is a widespread and 
common form, ranging from Marthas Vineyard 
to Alabama in eastern North America and from 
the Northwest Territory to Kansas and Ne- 
braska in the Western Interior region. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette Coimty; Cotton- 
dale, big gully and upper ravine on the Snow 
place, and gully at Tuscaloosa, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museum. 

Ficus inaequalls Lesquereux. 

Plate XII, figure 1. 

Ficus inaequalis Lesquereux, the flora of the Dakota 

group, p. 82, pi. 49, figs. 6-8; pi. 50, figs, 3, 6, 1892. 
Smith, On the geology of the Coastal Plain of Alabama, 

p. 348, 1894. 
Bartsch, Iowa Univ. Lab. Nat. Hist. Bull., vol. 3, 

p. 180, 1896. 
Berry, Torrey Bot. Club Bull., vol. 34, p. 194, pi. 12, 

figs. 2, 3, 1907. 

Leaves broadly ovate-acuminate in outline, 
many of them inequilateral. Size variable, 
ranging from 4 to 12 centimeters in length by 2 
to 4.5 centimeters in maximum width, which 
is slightly below the middle, averaging about 8 
centimeters in length by 3 to 3.5 centimeters in 
maximum width. From the middle the entire 
margins curve downward in a full curve to the 
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slightly decurrent base and upward to the more 
or less extended and commonly falcate-acumi- 
nate apex. Petiole short and stout, 2.6 centi- 
meters long in the largest specimen seen. 
Midrib stout below, becoming much attenuated 
in the acimien. Secondaries numerous, mostly 
thin, somewhat irregularly spaced, branching 
from the midrib at angles of about 45°, and curv- 
ing upward, regularly camptodrome. In some 
specimens one of the lower secondaries on 
either or both sides may be larger than the rest, 
giving the leaf the appearance of being triple 
veined. Tertiaries fine, of the usual Ficus 
type. 

This handsome species was described origi- 
nally from the Dakota sandstone of Kansas. 
It was subsequently recognized by Ward in 
collections from the Tuscaloosa formation, by 
Bartsch in the Dakota sandstone of Iowa, and 
by the writer in the Black Creek formation of 
North Carolina. The acuminate apex, though 
not developed to the conspicuous extent that 
it is in some of the other members of the Tusca- 
loosa flora, fully merits the appellation of 
*' dripping point.^' Its presence in so many 
different forms in this flora is a clear indication 
of humidity and heavy rainfall. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fftyette County; Cottondale, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museum. 

Fleas shlrleyends Berry n. sp. 

Plate XIII, figure 8. 

Leaves ovate-acuminate in outline, about 
10 centimeters in length by about 3.5 centi- 
meters in maximum width, which is at a point 
about one-third of the distance from the base 
to the tip. Margins full and curved at the 
broadest part of the blade, becoming incurved 
and decurrent at the base and incurved upward 
to the narrow, extended, acuminate tip. Peti- 
ole stout, short. Midrib stout, curved. Second- 
aries numerous, thin, approximately parallel, 
camptodrome; they branch from the midrib 
at angles of about 45°, those in the broader 
part of the blade sweeping upward in a wide 
curve, approximately parallel with the lower 
lateral margin, and those in the acumen 
becoming short and nearly straight. Tertiaries 
fine, of the usual type foimd in Fieus leaves 
with the habit of the present species. 

65628°— 19 6 



This form is exceedingly striking and grace- 
ful, and it is entirely distinct from any known 
Cretaceous species, although it may be readily 
matched by a number of modem tropical 
American species. It resembles to a certain 
extent the contemporaneous species Ficus 
inaequdlis Lesquereux, and Ficus daphno- 
genoides (Heer) Berry, being intermediate in 
its characters. Thus it is relatively shorter 
and broader than FicTis dapTinogenoides and 
relatively larger than Ficus inaequdlis and is 
more elegantly proportioned than either of 
these, at the same time preserving the same 
general facies. The long acimien or "dripping 
point," which has been commented upon in 
connection with other members of the Tusca- 
loosa flora, is exceedingly well developed 
and may be duplicated in species now growing 
in the tropical rain forests of northern South 
America. The preservation of these features 
in the present species also affords a clear indica- 
tion of the quiet waters in which the Tusca- 
loosa sediments were laid down at this point 
and further indicates that the form was a 
marginal species and was not brought down 
to the basin of sedimentation by rivers from 
some inland habitat. 

Among previously described fossil plants the 
present species bears a close resemblance to the 
larger leaves of the form from the Cenomanian 
of Bohemia described by Velenovsky * as Cassia 
mdanopTiyUa, 

Occurrence: Tuscaloosa formation, Shir- 
leys Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Ficus woolsoni Rollick. 

Plate XII, figure 2. 

• 

Ficus woolsoni Hollick, New York Acad. Sci. Trans., vol. 
12, p. 33, pi. 2, figs. 1, 2c, 1892; New York Acad. 
Sci. Ann., vol. 11, p. 419, pi. 37, fig. 9, 1898; The 
Cretaceous flora of southern New York and New 
England, p. 59, pi. 11, figs. 5, 6, 1906. 

Smith, On the geology of the Coastal Plain of Alabama, 
p. 348, 1894. 

Newberr\', The flora of the Amboy clays, p. 70, pi. 20, 
fig. 3; pi. 23, figs. 1-6, 1896. 

Berry, New York Bot. Garden Bull., vol. 3, p. 74, 
pi. 47, fig. 7, 1903; Torrey Bot. Club Bull., vol. 33, 
p. 172, 1906; New Jersey Geol. Survey Ann. Rept. 
for 1905, p. 119, 1906; New Jersey Geol. Survey 
Bull. 3, p. 124, pi. 12, figs. 1, 2, 1911. 

Leaves broadly ovate to cordate in outline, 
5 to 10 centimeters in length, by 3.25 to 10 

1 Velenovsky, Josef, Die Flora der bdhxnischen Kreideformation, pt. 
4, p. 5, pi. 8, figs. 1, 2, 8, 9, 11, 12, 1885. See especially fig. 1. 
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contiinotorH in breadth, with a usually acute 
npox ttiul a cordate to a rounded, more or less 
docurront base. Margin entire. Principal 
voiim throe, the midrib being the stout^t. 
The laterals branch at a variable angle from 
tlie top of the petiole, traverse considerably 
more than the basal half of the leaf, and join 
the camptodrome secondaries above; they give 
oflF on the outside numerous camptodrome 
branches, the lowest of which in some speci- 
mens branch from their extreme base, so that 
basal fragments of these leaves have the 
appearance of Iledera primordialis Saporta. 

As I 'have previously pointed out, this 
species has many points of resemblance to 
Ficu8 ovcUifolia Berry but is decidedly shorter 
and broader, with a more orbicular outline 
and a marked tendency toward a cordate base. 
It was evidently of a more coriaceous texture, 
as the finer venation is obsolete. 

Ficu8 woolsoni is a much more abundant 
form in the Raritan formation of New Jersey 
than Ficus ovcUifolia, and it has a considerably 
wider distribution, for it is recorded from 
Staten Island and from North Carolina and 
Greorgia. It is also present in the Magothy 
formation in the New Jersey-Maryland region. 

Occurrence: Tuscaloosa formation, Glen 
Allen and Shirleys Mill, Fayette C!ounty; gully 
at Tuscaloosa, Cottondale, Tuscaloosa C!ounty, 
Ala. 

Collections: U, S, National Museum. 

FIciis almbamensis Berry, n. sp. 

Plate XIV, figure 5. 

Leaves of large size, cordate in outline, about 
15 centimeters in length by 13 to 14 centi- 
meters in greatest width, which is in the basal 
half of the leaf. Margin entire, with wide 
shallow indentations at irregular intervals. 
Apex pointed. Lateral margins roimded to 
the broad, truncate (not emarginate) base. 
Petiole short and stout, about 2.5 centimeters 
in length, swollen below and then constricted 
at the point of attachment. Midrib stout be- 
low, becoming greatly reduced and more or 
less curved distad. Secondaries stout, about 
seven subopposite pairs, branching from the 
midrib at angles of 45 ** or more, and curving 
upward, camptodrome; those in upper half of 
the leaf much reduced. Tertiaries campto- 
drome along the margin, transverse and curved 



between the secondaries. Texture somewhat 
coriaceous, but leaf substance not especially 
thick. 

This handsome s{>ecies is based upon 
splendid material from Shirleys Mill, Ala., 
near the base of the Tuscaloosa formation, and 
is entirely distinct from any known Cretaceous 
forms. Although its secondary venation is 
pinnate, it belongs with the palmate-veined 
species of Ficus represented in the Tuscaloosa 
by Ficus vx>olsoniy which is truly tri-veined 
and smaller than the present species. It bears 
the same relation to this type as the pinnately 
veined species of Populus bear to those which 
are clearly palmate in their venation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museimi. 

Fleas fonUinii Berry, a. sp. 

Plate XI. figure 3. 

Leaves of medium to small size, broadly 
elliptical and more or less inequilateral in gen- 
eral outline, with a shallow rounded sinus on 
each side in the upper part, giving them a 
trilobate form, with full rounded lateral lobes 
and a narrow roxmded apical lobe. Basal mar- 
gins full and rounded, slightly decurrent. 
Length ranging from 7.5 to 11 centimeters. 
Maximum width, about halfway between the 
apex and the base, 5 to 8 centimeters. Mar- 
gins entire. Texture coriaceous. Petiole stout, 
tapering proximad, about 1.25 centimeters in 
length. Midrib stout and curved, prominent 
on the lower surface of the leaf. Secondaries 
pinnate, irregularly spaced, becoming close 
together in the basal part of the leaf; they are 
stout, rather prominent on the lower surface of 
the leaf and rather irr^ular in their courses; 
six to eight mostly alternate pairs diverge from 
the midrib at acute angles and pursue a rather 
straight ascending course, forking in some 
specilnens but as a rule regularly camptodrome 
except the second or third one from the base, 
which terminates at the apex of the lateral 
lobe. Tertiaries thin, mostly percurrent and 
subparallel. 

Tliis handsome and characteristic species is 
imfortunately represented by fragmentary ma- 
terial, the most complete leaf being the rather 
small one figured. This material was collected 
in 1888 by W. M. Fontaine, for whom it is 
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named. It suggests somewhat the American 
late Cretaceous and early Eocene forms that 
have been referred to Ficvs tiliaefolia (Alexan- 
der Braim) Heer, as well as the two Dakota 
sandstone species Benzoin masoni (Lesquereux) 
Kjiowlton and Benzoin vermsium (Lesquereux) 
Ejiowlton, both of which, however, are pal- 
mately triveined, with deep narrow sinuses, 
ovate lobes, and cuneate bases. It is, how- 
ever, typically Ficti^-like in the characters of 
its venation and perfectly distinct from previ- 
ously described forms. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County; Shirleys Mill, Fayette 
County, Ala. 

Collections: U. S. National Museum. 

Order PLATANALES.^ 
FamUy PLATANACEAB. 

Oenas PLATANUS Iilim6. 

[Species plantarum, p. 999, 1753.] 

Platomis asperaeformis Berry, a. sp. 

Plate XVI, figure 1. 

Platanus newberryana Heer, Flora foasiliB arctica, vol. 7, 
p. 28 (part), pi. 59, fig. 2, 1883 (not remainder of 
Heer'e figures). 

Leaves of medium size, orbicular in general 
outline, somewhat trilobate, with acute apex 
and cordate ( ?) base. Primaries three in num- 
ber, of about equal prominence, the laterals 
branching from the midrib at angles of about 
45°, slightly curved, terminating in the pointed 
tips of the lateral lobes, which are but slightly 
extended. Secondaries thin, nimierous, cras- 
pedodrome. Tertiaries of the usual Platanus 
type. Mai^in prominently toothed. Teeth 
numerous, markedly aquiline-serrate, those at 
the termination of the secondaries enlarged. 

This species is somewhat similar but more 
ample than the Dakota sandstone species, 
Platanus newberryana Heer,' and has a some- 
what different margin. However, the leaf 
from western Greenland identified by Heer as 
P. newberryana and cited above seems to differ 
from it and to be identical with the present 
species, indicating the remarkable range from 
Alabama to Greenland. As the occurrence in 



1 1 follow Grff^ (Torrejr Bot. Club BuU., vol. 36, pp. 38^-395, 1900) in 
removing Platanus from the Resales and making it the type of an. order 
in the Apetalae next above the Urticales. 

* Heer, Oswald, Phyllites cr^tao^ du Nebraska, p. 16, pi. 1, fig. 4, 1866. 



Greenland is in a somewhat yoxmger horizon, 
the species may have migrated northward, 
although it has always been assumed that the 
usual direction of migration of the Cretaceous 
floras was from the north southward. 

The present species is not conmion and is 
associated with Platanus sMrleyensis Berry, 
from which it shows well-marked differences. 
It is named in allusion to its great resemblance 
and possible ancestral relation to Platanus 
aspera Newberry,' an upper Eocene species of 
the Pacific Coast region. There is also a 
somewhat more distant resemblance to the 
Fort Union species Platanus raynoldsii New- 
berry. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museum. 

Platonns shirleyensiB Berry, a. sp. 

Plate XV, figures 1-5. 

Leaves of small and mediima size, ranging 
from 5 to 15 centimeters in length, by 3.5 to 
12 centimeters in maximxma width, at a point 
about halfway between the apex and the base. 
Trilobate, the median lobe ovate, the lateral 
lobes directed outward and upward, conical ' 
in form. Lateral sinuses, narrowly roimded, 
extending less than half the distance to the 
base, which is cxmeate or slightly decurrent. 
Petiole stout, enlarged and partly sheathing 
proximad, as in the leaves of the modem 
species, variable in length, only 1 centimeter 
long in the smallest specimen figured but 
4 centimeters long in other specimens which 
were collected. Lateral primaries, one on 
each side, stout, of the same caliber as the 
midrib, from which they branch either at or 
above its base, their relative position being 
determined by the amoxmt of decurrence or 
truncation of the basal part of the leaf blade. 
Angle of divergence with the midrib about 30°. 
They terminate at the tips of the lateral lobes. 
Secondaries somewhat stout and fairly numer- 
ous, regularly spaced and approximately par- 
allel in the larger leaves but more variable in 
this respect in small leaves; they diverge at 
angles of about 45**, pursue a more or less 
slightly curved course, and terminate in the 
marginal teeth, hence they are craspedodrome. 

» Newberry, J. 8., U. S. Nat. Mus. Proc., vol. 5, p. 609, 1882; U. 8. Oool. 
Survey Mem. 35, p. 102, pi. 42, figs. 1-3; pi. 44, fig. 5; pi. 59, fig. 3, 1896. 
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Margins entire below, especially in the smaller 
leaves, above with broad-pointed serrate teeth 
directed upward, one to each secondary and 
with intermediate less prominent teeth. Ter- 
tiary venation typical of Platanus. Some of 
the leaves are infested with a spot fungus, 
Sphaerites alabameTms Berry. 

This species is totally unhke any previously 
described Platanus and exhibits a rather wide 
range of variations. The small forms in par- 
ticular, in their remote teeth, some of them 
crenate, and in the character of their base 
suggest some forms of Sassafras or of Aralia 
wellirigtoniana Lesquereux. They are, how- 
ever, connected by numerous intermediate 
forms with leaves that are typically those 
of Platanus, a relationship emphasized by the 
character of the petiole -in both large and 
.small forms. 

The present species suggests somewhat 
Plaianus asperaeformis Berry, which occurs 
with it in Fayette Coimty, but the form is 
relatively narrower and longer, the teeth are 
much less aquiline, the lobes are more pro- 
noimced, and the base is different. Another 
species which, resembles Platanus shirleyensis 
. is Platanus Jcummelii, which I have described 
from the Magothy formation of New Jersey.* 
Some of the leaves of P. Icilmmelii, which is 
abimdantly represented by both leaves and 
fruit, are very close to the present species, 
although the t3rpical form is that of a much 
larger, more prominently lobed and toothed, 
and more modern-looking leaf. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Cottondale, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museum. 

Platanns latior (Lesquereux) Knowlton. 

PXatanns aceroidcat Goeppert var. Za^ior Lesquereux, Am. 

Jour. Sci., 2d ser., vol. 46, p. 97, 1808. 
Platanus latior (Lesquereux) Knowlton, U.S. Geol. Survey 

BulL 152, p. 170, 1989; U. S. Geol. Survey Twenty- 

first Ann. Rept., pt. 7, p. 314, 1901. 
Platantis primaeva Lesquereux, The Cretaceous flora, p. 69, 

pi. 7, fig. 2; pi. 26, fig. 2, 1874; The flora of the Da^ 

kota group, p. 72, pi. 8, figs. 7, 8b; pi. 10, fig. 1, 1892. 

Leaves large, palmately trilobate broadly 
rhomboidal in outline. Length of specimen 
from Alabama about 17 centimeters. Maxi- 



» Deny, E. W., New Jersey Oeol. Survey Ann. Rept. for 1905, p. 146, 
pi. 23, figs. 2, 3; pi. 24, 1906. 



mum width about 15 centimeters. Margins 
somewhat irregularly dentate, entire at the 
broadly cuneate base. Lateral lobes short; 
intervening sinuses scarcely diflFerentiated. 
Petiole long and stout. Primaries stout, three 
in nmnber, diverging at or near the base in the 
material from Alabama, but conunonly supra- 
basilar in the forms from the Dakota sandstone. 
Venation strictly platanoid. Texture coria- 
ceous. 

This fine large species is very abundant in 
the Dakota sandstone of Kansas, Nebraska, 
and Minnesota, and Lesquereux differentiated 
three varieties, namely, integrifolia, subinte- 
grifolia, and grandidentata. The forms from 
Alabama are closer to the type than they are 
to any of the varieties. 

The species appears to have been conmion 
near Cottondale, and it occurs in the Woodbine 
sand of Texas, according to Knowlton. It is 
readily distinguishable from the other two Tus- 
caloosa species of Platanus and in size and gen- 
eral appearance suggests Plaianus Jcummelii 
Berry ^ of the Magothy formation of New Jer- 
sey but is more entire and less prominently 
toothed. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

Platanns ripleyensis Berry, n. sp. 
Plate XXXII, figure 6. 

Leaves small, trilobate, about 7 centimeters 
in length by 8 centimeters in maximimi width 
from tip to tip of the lateral lobes. Base cune- 
ate or slightly decurrent. Sinuses open, shal- 
low, extending less than halfway to the base. 
Margins entire below, elsewhere with large ser- 
rate teeth directed distad. Petiole stout. Pri- 
maries three, suprabasilar. SecoJidaries mostly 
craspedodrome — a few intermediate ones camp- 
todrome. Tertiaries thin, numerous, typically 
platanoid. 

This species is a very modern-looking Plata^ 
nus, and is readily distinguishable from the 
known Upper Cretaceous species. It is also 
clearly different from the imperfect material 
from the near-by locahty on Cowikee Creek re- 
ferred -to Plaianus sp. In its general facies it 
might readily be mistaken for a small leaf of 
Platanus orienialis or Platantis occidentalis or 
for the common Miocene species Platanus 
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dceroides. It is, unfortxinately, represented by 
a scanty, amount of material which was col- 
lected by C. W. Cooke several years after the 
remainder of the present report was written. 

Occurrence: Ripley formation, roadside 6} 
miles north of Eufala, Barbour County, Ala. 

Collection: U. S. National Museimi. 

PkUanns sp. 

Plate XXXI, figures 7, 8. 

Fragments of what appear to represent a new 
species of Platanus were collected from the 
lower part of the Ripley formation of eastern 
Alabama. They are insufficient for proper 
diagnosis but are included in the present re- 
port and figured because plant fossUs are so 
extremely rare in these beds. 

Occurrence: Ripley formation, near mouth 
of Cowikee Creek, Barbour County, Ala. , 

Collection: U. S. National Museum. 

Order FBOTEALES. 

FamUy PSOTEACEAE. 

Oenus PBOTEOIDES Heer. 

Proteoides conospermaefoUa Berry, n. sp. 

Plate XIV, figure 4. 

Leaves narrowly oblanceolate in outline, 
with a rounded apex and a gradually narrowed, 
straight margined, extended base. About 8 
centimeters in length by 1 centimeter in great- 
est width, which is in the distal half of the leaf. 
Midrib stout below, narrow above. Second- 
aries fine, numerous, diverging from the midrib 
at angles of over 45*^, immersed in the coria- 
ceous leaf substance and indistinct toward the 
margins along which they arch. Tertiaries 
fine, mostly obsolete, forming quadrangular or 
polygonal meshes. 

This well-marked new species resembles a 
niunber of European Upper Cretaceous species, 
as, for example, EupTiorbiophyUum antiquum 
Saporta and Marion ^ from the Turonian of 
Bagnols, France. It stiU more closely resem- 
bles certain leaves from the Cenomanian of the 
island of Lesina, off the Dalmatian coast, 
which Kemer ^ describes as Proteoides cf . 
P. grevillaeformis Heer, although in my judg- 
ment they are certainly not to be identified 
as that species. 

» Saporta, G. de, and Marion, A. F., L'dvolution du rtgne v<s?^tal. 
Phandrogames, vol. 2, p. 117, flg. 125c, 1885. 

« Kerner, F. von, K.-k. gool. Reichaanstalt Jahrb., Band 45, p. 54, pi. 5, 
fig. 2, 1896. 



The present species is clearly referable to the 
genus Proteoides, by which I mean that it repre- 
sents an Upper Cretaceous species of the family 
Proteaceae, whose exact generic relationship is 
uncertain because of the parallelism in the foliar 
characters of so many of the genera of this 
family. The present leaves can be almost ex- 
actly duplicated in the existing genus Cono- 
spermum of the Australian region, and this 
resemblance has suggested the specific name 
which has been adopted. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museimi. 

Oenus PEBSOONIA Swartz. 
Persoonia lesqnereuxii Knowlton. 

Plate XIV, figure 2. 

Persoonia Usquereuxii Knowlton, in Leequereux, The flora 
of the Dakota group, p. 89, pi. 20, figs. 10-12, 1892. 
Newberry, The flora of the Amboy clays, p. 71, pi. 42, 
fig. 16, 1896; New Jersey Geol. Survey Bull. 3, p. 
126, pi. 20, fig. 6, 1911. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 173, 1906. 
Andromeda latifolia Newberry, The flora of the Amboy 
clays, p. 120 (part), pi. 33, fig. 9, 1896 (not figs. 
6-8, 10). 

Leaves obovate in outline, with a broadly 
rounded apex, subemarginate in one of the 
specimens from the Dakota sandstone, grad- 
ually narrowing to the decurrent base. They 
range from 1.7 to 5 centimeters in length by 1.2 
to 2.5 centimeters in greatest width, which is 
toward the apex. Petiole stout. Texture 
subcoriaceous. Secondaries sparse, 3 or 4 
pairs, thin, alternate, branching from the stout 
midrib at an angle of 45 ** or less, camptodrome. 

This species, which was described originally 
from the Dakota sandstone of Kansas, is some- 
what variable in appearance. HoUick referred 
a small, almost orbicular leaf from the Raritan 
formation of New Jersey to it, presumably on 
the basis of its resemblance to Kjiowlton's 
figure 12. For the same reason the writer is 
inclined to think that the form shown in New- 
berry's Plate XXXIII, figure 9, which he calls 
an Andromeda, is also referable to this species. 
Similar obovate leaves are also present in the 
overlying Magothy formation. 

As far as I can discover, this species in New 
Jersey is not found below the upper part of the 
Raritan. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, and Glen Allen, Fayette County, Ala. 

Collections: U. S. National Museum. 
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PcTsooniB leaqaerenxtl minor BeRjr, n. w. 
PUte XIV, figure 3. 

Leaves spatulate in outlino, somewhat in- 
equilateral, with a rounded apex and decur- 
rent base. Length ^bove 3 centimeters. 
Maximum width 1.35 centimeters in the upper 
part of the leaf. Texture coriaceous. Petiole 
stout, about 7 millimeters in length. Midrib 
slender, immersed. Secondaries ascending 
camptodrome, mostly obsolete. 

This variety greatly resembles the smaller 
leaves which are referred to the species, espe- 
cially those from the Raritan formation of 
New Jersey, which .have been identified by 
Newberry. The variety is more coriaceous, 
has more completely immersed venation, and 
is relatively narrower and more inequilateral 
in outline. It is considerably smaller than the 
species as it occurs in the Dakota sandstone of 
Kansas. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Order BAHALES. 

Timllr RAinmctnjlcXAK(T). 

Oenna SIWALQUXA Saporta and Wrion. 

[Ac*d. toy. Bci., lettree et beaux trta Belgique M6m. 
couioim^ et m^m. dee BBv&otB ^trangera, vol. 37, p. 55, 
1874.] 

Dewakmca smltU Berry. 

PUt6 XIV, figure I ; Plato XVI, figures 2, 3. 

Detoatquea imilhi B«rry, Torreya, vol. 10, p. 36, fig. 1, 
1910; Torroy Bot. Club Bull., vol. 43. p. 293, 1916. 

Leaves palmately decompound, the petiole 
ig into three principal branches, the 
of divergence ranging from 20° to 60°, 
lie two lateral branches forking at an 
angle 1 centimeter to 2 centimeters 
their base. The middle leaflet is lan- 
) in outline, being widest in its central 
nd tapering almost equally to the acute 
ind base. Length 7.5 to 16 centimeters, 
lum width 1 centimeter to 4 centimeters. 
1 entire or serrate, usually entire below 
rrate ia the apical three-fourths, in some 
lens with lai^e aquiline-serrate teeth. 
I stout. Secondaries regular, subop- 
, parallel; about 20 pairs, branching 
be midrib at angles ranging from 45° to 



70°, usually about 50°, curving upward and 
running to the mai^inal teeth, or campto- 
drome. The base of the leaflet extends down- 
ward to a point within 2 or 3 milliffleters of 
the forks of the petiole. 

Lateral leaflets, more or loss ineqiiilateral, 
usually somewhat smaller than the middle 
lea^et. The internal lateral leaflet is lance- 
olate, the outer lamina starting at or very 
near the point where the lateral branch of the 
petiole forks. The inner lamina, however, 
extends downward almost to the base of the 
lateral branch, making the base markedly in- 
equilateral. In general outline and mar^nal 
and venation characters, it is identical with 
the middle leaflet. The outer lateral leaflet is 
also somewhat inequilateral but lees so than 
the internal lateral leaflet, the internal lamina 
starting at or near the fork and its outer 
lamina extending more or less below the fork. 
The mai^nal and venation characters are Uke 
those of the other leaflets. 

This handsome species, of which a restora- 
tion is shown in figure 11, is abundantly repre- 
sented in the Middendorf arkose member of 
the Black Creek formation of South Carolina, 
mostly by terminal leaflets, a number of 
which have been figured. It is common in the 
Tuscaloosa formation at Whites Bluff on the 
right bank of Black Warrior River, 309 miles 
above Mobile, Ala. A small collection of fossil 
plants from this outcrop contained no less 
than 27 specimens of this form. Several of 
these specimens were complete and were 
sketched at the time they were coUected, which 
proved fortunate, for the extremely arena- 
ceous matrix did not withstand shipment very 
well. The material in the National Museum, 
although considerably broken, comprises several 
detached leaflets and three or four basal parts 
of the leaf, showing the mode of division of the 
petiole. The species is also represented by 
detached leaflets at Shirleys Mill in Fayette 
County. 

The genus Dewalquea was foundeil by Sa- 
porta and Marion in 1874 upon remains from 
the Senonian of Westphaha, communicated by 
Debey and named by him in manuscript 
AraliopJiyUum, and on additional remains col- 
lected by those authors from the Pnleocene of 
Gclinden, Belgium (Mames beersiennes, 6tage 
Thanfitien). Three species were enumerated, 



Dewalquea Jialdaniana and Devxilquea aguia- 
granenma from the Weetphalian Senoniati, and 
Dewalquea gflindenetiaia from the basal Eocene, 
la the past 35 jears several additional species 
have been referred to this genus. These in- 
clude another species from the German Scno- 
nian (Dewal^uea inaiffnis), described by Hosius 
and Von der Marck;' two species from the 
Cenomanian of Bohemia (Dewalquea coriacea 
and Dewalquea perUaphyUa), described by Vel- 
enoTsky;' two American species from the Da- 
kota sandstone (Deipal^ea dc^otenaia and 



j^s. 87 

cies described by Heer' from Greenland (Dewal- 
quea groenkiTidica) and subsequently recorded 
from Staten Island, New Jersey, North Caro- 
lina, and Alabama. 

Hosius and Von der Marck ' record the 
Eocene species from the Senonian of Weet- 
phaha; the remains, however, are not of this 
species but are fragments of Dewalquea TutMe- 
miaiia, which is common at that horizon. The 
European species Dewalquea iTiaiffnia is recorded 
by Heer ' from both the Atane and Patoot beds 
of Greenland, and by Holllck ■ from the Creta- 
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Dewalquea primordialis) , described by Les- 
qiiereux,' both of which are fragmentary and 
of uncertain relationship; a species from the 
Karitan formation of New Jersey {Dewalgyua 
trifoliata), described by Newberry; ' and a spe- 



1 Hoolui, A., uid Von dnr llarck, W., P&lBwiiitognphiai, vol. 36, p. 
m,pl.32,agl.ni-113; pl.33,ng.l09; pi. 31, Qg. ncr, pl.35,fl«. 129,lf«n, 

■ Velsnovsky, Jow(, Die Flora der bCtimiscben KnidclOinstioD, vol. 
3, p. li, M, pi. 1, flga. 1-4, pt. 3, tif. 2, pi. ». 

• J-esqunmu, Leo, The Bora ot the Dskata group, p. 311, pi. se, flga. 
E, «, 1W2; Ulmieaola Oeol. and Nal. Hist. Surveif, vol, 3, p. VH, pi. A, 

fl(. 10, im. 

• Newbcny, J. S., The Bora of the Ambo; clay^ D. B. Oeol. Survey 
Voo. 38. p. 130, pi. 33, Ogi. *-T. ISM. 



ceous of Staten Island, but both of these deter- 
minations are based upon fragments of single 
leaves and are in my judgment entirely un- 
trustworthy. Attention should also be called 
to the possibility that Celaatrua arctica Heer ' 
represents the leaflets of a Dewalquea, This 
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6, pt. 3 



7. pi. 3 



B, pi, 35, Sg. T. pi. 33, flgs. l*-l^ 



IIoBliis, A., and Von der Menk, W 

^ Heer, Oswald, op, ctt,, vol. B, p. S 
1883; idem, \-ol. 7, p. 37, pi. «S, flg. 3; 

• HolUck, Arthur, The Crelaceoui ilora oCsnutbeni New York am 
Englond: V. S. Oeol. Surreif Man, 50, p. IM, pi. S, tig. 34, leo;. 

> Heer, Oswald, op. dl., vol. 7, p. 40, pi. fll, figs, ad, 5e, 19S3. 
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species was described from the Patoot beds of 
Greenland, where it is sparsely represented. It 
is abundant, however, in the upper part of the 
Raritan formation of New Jersey, but of some 
scores of specimens examined by the writer all 
were detached and failed to show their habit 
of growth. 

The botanic relationship of Dewalquea has 
always remained obscure, and there is no better 
discussion of it than that given by Saporta and 
Marion,* who, after comparing these leaves with 
those of AmpelopsiSy Arimermbj Anthurium 
(Araceae), AraUaceae, and other forms, arrive 
at the conclusion that they are prototypes of 
the tribe Helleboreae of the Ranunculaceae. 
The claims of the Araliaceae, pointed out by 
Schenk and othere, should not be overlooked 
in this connection. * 

The present species is markedly distinct from 
the American species of Dewalquea previously 
described, all of which were apparently tripar- 
tite. Among the European species it is quite 
similar to the Senonian species Dewalquea in- 
signis Hosius and Von der Marck, which is, 
however, entirely distinct. It is also similar 
to Dewalquea coria^ea and Dewalquea pen- 
iapTiyUa, which are described by Velenovsky 
from the Cenomanian of Bohemia. 

As mentioned above, this Alabama species 
shows entire and serrated forms, and it is re- 
markable that wherever this genus has been 
found to occur in any abundance, two species 
are usually described, one entire and one with 
toothed margins. Thus in Germany Dewdi- 
quea haldemiana is entire, whereas Dewalquea 
insignia la toothed, though probably both are 
the leaves of the same plant. In Bohemia 
Dewalquea pentaphyUa is entire, whereas Dewal- 
quea coriacea is toothed. Both the entire and 
serrate leaves of the Alabama plant are be- 
lieved to be specifically identical, as the 
material shows a great many gradations in the 
size of the teeth and great variabUity regard- 
ing the proportion which the entire part bears 
to the toothed part on single leaflets. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Whites Bluff, Greene 
Coimty, Ala. Eutaw formation (Coffee sand 
member), Coffee Bluff, Hardin County, Tenn. 

Collections: U. S. National Museum. 

1 Saporta, Q. de, and Marlcm, A. F., L 'Evolution du r^gne v^^tal, 
Phan^rogames, vol. 2, pp. 55-61, 1885. 



Family MAONOUACSAB. 

Gtenus MAOKOUA Liim^. 

[Speciee plantarum, p. 535, 1753.] 

Magnolia speciosa Heer. 

Plate XVIII, figures 3, 4. 

Magnolia speciota Heer, Allg. schweiz. Geeell. gesammt 
Naturwife. Bern Neue Denskchr., Band 23, p. 20, 
pi. 6, fig. 1; pi. 9, fig. 2; pi. 10, fig. 1, 1869. 

Leequereiuc, The Cretaceous and Tertiary floras, 
p. 72, 1874; The flora of the Dakota group, p. 202, 
pi. 60, figs. 3, 4, 1892. 

HoUick, New York Acad. Sd. Trans., vol. 12, p. 234, 
pi. 7, fig. 4, 1893; Torrey Bot. Club Bull., vol. 21, 
p. 60, pi. 178, fig. 5, 1894; Geol. Soc. America Bull., 
vol. 7, p. 13, 1895; The Cretaceous flora of south- 
em New York and New England, p. 64, pi. 19, 
Ifigs. 1-4, 1906. 

Knowlton, U. S. Geol. Survey Twenty-first Ann. 
Rept., pt. 7, p. 318, 1901. 

Smith, On the geology of the Coastal Plain of Ala- 
bama, p. 348, 1894. 

Berry, Torrey Bot. Club Bull., vol. 31, p. 76, pi. 3, 
fig. 10, 1904; idem, vol. 32, p. 46, pi. 2, figs. 4, 5, 
1905; New Jersey Geol. Survey Bull. 3, p. 129, 
pi. 14, fig. 3, 1911. 
Magnolia auricukUa Newberry, The flora of the Amboy 
clays, p. 75 (part), pi. 41, fig. 13; pi. 58, fig. 10, 1896. 

Heer's description, published in 1869, is as 
follows : 

M. foliis maximis, coriaceis, ovato-ellipticis, apice 
longe attenuatis, valde acuminatis, basi in petiolum 
valid um attenuatis, nervo primario crasso, ner\'is sec- 
undariis valde curvatis, camptodromis. 

This species is somewhat variable in size. 
The American material, which is somewhat 
smaller than the type material from Moletein, 
Moravia, ranges in length from 8.5 to 19 centi- 
meters and in maximum width from 4 to 7.5 
centimeters. It is ovate-elliptical in outline, 
with the apex more or less produced and the 
base decurrent. The midrib and petiole are 
stout. The secondaries are well marked, 
camptodrome; they number seven to nine pairs 
and are subopposite, branching from the mid- 
rib at angles of about 45° and curving upward. 
The texture is coriaceous. 

This species, which was described originally 
from the Cenomanian of Moravia, has been 
found to have a wide range in America. 
Typical leaves occur in the Dakota sandstone 
and also as far south as Texas. It is present 
on Marthas Vineyard and Long Island and in 
the Magothy formation of New Jersey. Though 
not heretofore reported from the Raritan for- 
mation, it would seem as if some of the leaves 
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which Prof. Newberry described as Mag- 
nolia aurictdata should be referred to this spe- 
cies. They range down in size, but this is also 
true of some of the western leaves of this spe- 
cies. Magnolia auriculata was reported by 
Ward from the Tuscaloosa formation of Ala- 
bama, but all of the specimens so labeled which 
have come into the writer's hands for study are 
closer to M, spedosa, and not one shows any 
tendency toward an auriculate base, which is 
the main characteristic of M. auriculata. Tliis 
may of course have been a variable feature, 
as it is to a certain extent in the existing M. 
fra^eri Walter and M, macrofhyUia Michaux, 
but if it is worth anything at all in the fossils 
it is worth emphasizing. 

Magnolia spedosa is conmion in the lower 
part of the Tuscaloosa formation and is the 
most abundant form at the Cottondale locality. 
It has not been discovered in the upper part of 
the Tuscaloosa or in the Eutaw formation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette Coxmty; Cotton- 
dale, and gully at Tuscaloosa, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museimi. 

Magnolia capelliidi Heer. 

PUte XrV'III, figure 1; Plate XXXII, figure 7. 

Magnolia capellinii Ileer, Phyllites cr^tac^es du Nebraska, 

p. 21, pi. 3, figs. 5, 6, 1866; Flora fospilis arctica, vol. 

3, Abt. 2, p. 115, pi. 33, figs. 1-4, 1874; idem, vol. 

6, Abt. 2, p. 90, pi. 24, figs. 3-5, pi. 25, figs. 1-3, pi. 

45, fig. 1, 1882. 
Velenovsky, Die Flora der bdhmischen Kreideforma- 

tion, pt. 2, p. 20, pi. 7, figs. 8, 9, 1883. 
Leequereux, The flora of tiie Dakota group, p. 203, 

pi. 46, fig. 1, 1892. 
Dawson, Roy. Soc. Canada Trans., let ser., vol. 11, 

sec. 4, p. 63, pi. 11, fig. 49; pi. 13, fig. 49a, 1894. 
Hollick, New York Acad. Sci. Trans., vol. 12, p. 234, 

pi. 6, fig. 6, 1893; New York Bot. Garden Bull., vol. 

3, p. 413, pi. 78, fig. 3, 1904; The Cretaceous flora 

of southern New York and New England, p. 63, pi. 

17, figs. 3, 4, 1907. 
Berry, Torrey Bot. Club Bull., vol. 31, p. 76, pi. 3, 

fig. 3, 1904; New Jersey Geol. Survey Ann. Kept, for 

1905, p. 138, 1906; Torrey Bot. Club Bull., vol. 34, 

p. 195, pi. 12, figs. 4, 5, 1907. 
Magnolia sp. Berry, Johns Ilopkins Univ. Circ., new ser., 

No. 7, p. 8l', 1907. 

The leaves of this species vary considerably 
in size, averaging about 13 centimeters in length 
by 7 centimeters in maximum width. Outhne 
broadly ovate, the base and apex usually 



about equally pointed, although a few speci- 
mens have a somewhat obtuse apex, whereas 
others have it extended, as it is in some of the 
material from North Carolina and in the frag- 
ments identified as this species from South Car- 
olina. Texture coriaceous or subcoriaceous. 
Midrib and petiole stout. Secondaries usually 
seven or eight alternate or subopposite pairs 
at regular intervals, approximately parallel, 
camptodrome. 

This widespread species in some of its forms 
approaches quite close to the less narrow and 
less apically extended form of Ma^gnolia spedosa 
Heer. Ordinarily, however. Magnolia spedosa 
may be readily distinguished by its relatively 
narrower form, with the produced tip and de- 
current base. Magnolia capellinii was described 
originally from the Dakota sandstone by Heer 
and has been collected from a large number of 
locaUties of homot^xial age, from eastern 
Europe, Greenland, and the Pacific coast of 
North America. In the Atlantic Coastal Plain 
it characterizes the Magothy formation of the 
northern slope and is present in the Black Creek 
formation of North Carolina, the Middendorf 
arkose member of the Black Creek formation of 
South Carolina, and the Tuscaloosa formation 
of Georgia and Alabama. In Alabama it is 
only known from the single locaUty cited, where 
it is not abundajit and may be simply a variant 
of Magnolia spedosa^ which is so very common 
at that IqcaUty. A slightly variant form occurs 
in the Ripley formation of western Tennessee. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa Coimty, Ala. Eutaw formation 
(basal beds), McBrides Ford, Chattahoochee 
County, Ga. Ripley formation (McNairy sand 
member), 2i miles southwest of Selmer, Mc- 
Nairy County, Tenn. 

Collections : U. S. National Museum. 

Magnolia newberryi Berry. 

Plate XX, figure 4. 

Magnolia newberryi Berry, Torrey Bot. Chib Bull., vol. 

34, p. 195, pi. 13, fig. 6, 1907; New Jersey Geol. 

Survey Bull. 3, p. 133, pi. 13, 1911. 
Magnolia longi/olia Hollick, New York Acad. Sci. Trans., 

vol. 12, p. 36, pi. 3, fig. 9, 1892; New York Acad. 

Sci. Ann., vol. 11, p. 422, pi. 37, fig. 3, 1898; The 

Cretaceous flora of southern New York and New 

England, p. 66, pi. 20, figs. 2, 3 (not Sweet, 1826), 

1906. 
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Smith, On the geology of the Coastal Plain of Alabama, 

p. 348. 1894. 
Newberry, The flora of the Amboy clays, p. 76, pi. 55, 

figs. 3, 5; pi. 56, figs. 1-4. 

Leaves mostly of large size, ovate to oblong 
in outline, about 20 centimeters in length by 9 
to 10 centimeters in maximum width, broadest 
toward the base. Apex subacute or obtuse. 
Base varying from obtusely roimded, almost 
truncate, to somewhat cuneate. Petiole and 
midrib stout. Secondaries comparatively thin 
and open, about 12 pairs, camptodrome. 
Tertiaries forming 4, 5, or 6 sided areoles, 
prominent in some specimens. 

This is the largest fossil Magnolia of the 
Coastal Plain, and some of its leaves are said by 
Newberry to reach a length of 30 centimeters 
or more. In a general way it resembles an 
immense leaf of Magnolia woodhridgensisy and 
it also approaches somewhat Magnolia longipes, 
but the petiole is only about one-third the 
length of that of the latter species. It is com- 
mon in the middle part of the Raritan forma- 
tion of New Jersey through the Black Creek 
formation in North Carolina and is present at 
various points along the Atlantic Coastal Plain. 
It is present in the lower part of the Tusca- 
loosa formation in western Alabama, but owing 
to its large size it has generally become more 
or less broken before fossilization. 

Occurrence: Tuscaloosa formation, Glen 
Allen, Fayette Coimty, Ala. 

Collections: U. S. National Museum. 

Mai^olia obtnsata Heer. 

Plate XVII, figures 7, 8. 

Magnolia obtusata Heer, Flora fossilis arctica, vol. 6, Abt. 

2, p. 90, pi. 15, fig. 12, pi. 21, fig. 3, 1882. 
Lesquereux, The flora of the Dakota group, p. 201, 

pi. 60, figs. 5, 6, 1892. 
Berry, New York Bot. Garden Bull., vol. 3, p. 76, 

pi. 47, fig. 4, 1903; Torrey Bot. Club Bull., vol. 37, 

p. 23, 1910. 
Magnolia capellinii Heer, Flora fossilis arctica, vol. 3, Abt. 

2, pi. 33, fig. 4, 1874 (no other citations of this 

species). 

Leaves of variable size, oblong ovate or obo- 
vate in outline, entire, with a broadly roimded 
apex and a narrowed cimeate base, ranging 
from 7 to 14 centimeters in length by 2.4 to 
7 centimeters in greatest width, which is above 
the middle. Petiole and midrib stout. Second- 
aries few in number ascending, curved, camp- 
todrome. Texture coriaceous. 

This species was described from the Atane 
beds of Greenland by Heer and was based upon I 



rather fragmentary material. Subsequently 
Lesquereux recorded some fine specimens from 
the Dakota sandstone of Kansas. It is present 
in the Magothy formation from New Jersey to 
Maryland, and in beds of homotaxial age in 
South Carolina. In western Alabama it ap- 
pears to be confined to the lower part of the 
Tuscaloosa formation of Fayette County. 

Occurrence: Tuscaloosa formation, ShirlejB 
Mill, Fayette Coimty, Ala. 

Collections : U. S. National Museum. 

Magnolia bonlayana Lesqnereiix. 

Plate XVIII, figure 2. 

Magnolia boulayana Lesquereux, The fiora of the Dakota 

group, p. 202, pi. 60, fig. 2, 1892. 
Magnolia glaucoides Hollick, Torrey Bot. Club Bull., vol, 

21, p. 60, pi. 175, figs. 1, 7, 1894. 
Magnolia glaucoides Hollick. Smith, On the geology of 

the Coastal Plain of Alabama, p. 348, 1894. 
Magnolia glauxmdes Newberry, The flora of the Amboy 

clays, p. 74, pi. 57, figs. 1-4, 1896. 
Magnolia boulayana Lesquereux. Knowlton, U. S. Geol. 

Survey Twenty-first Ann. Rept., pt. 7, p. 318, 1901. 
Magnolia glaticoidet Hollick, The Cretaceous flora of 

southern New York and New England, p. 67, pi. 19, 

fig. 6; pi. 20, fig. 6, 1906. 
Magnolia boulayana Lesquereux. Berry, Torrey Bot. 

Club Bull., vol. 36, p. 254, 1909; idem, vol. 37, 

p. 23, 1910. 
New Jersey Geol. Survey Bull. 3, p. 131, pi. 14, fig. 2, 

1911. 

Leaves narrowly elliptical in outline, unusu- 
ally uniform in size and shape, 8.5 to 13 centime- 
ters in length and 3.5 to 4.5 centimeters in maxi- 
mum width. Apex usually bluntly rounded, 
in some specimens acute. Base matching the 
apex. Petiole rather stout, 3 to 4 centimeters 
in length. Midrib rather stout. Secondaries 
slender, commonly obsolete, about 11 pairs, 
equidistant, parallel, camptodrome, branching 
from the midrib at an angle of about 40^. 
Tertiaries, when seen, transverse. Texture 
coriaceous. 

This species was destribed originally from 
the Dakota sandstone of Kansas by Lesquereux. 
Newberry described the Karitan remains, which 
are abimdant at the Woodbridge locality, as a 
new species and it has been kept distinct by 
HoUick, who recognized, however, its practical 
identity with the Dakota sandstone plant. 
There can be no question but that they belong 
to the same species, and it seems probable that 
Magnolia vaningeni desciibed by Hollick * 
should also be referred to the same species. 

» Hollick, Arthur, Torrey Bot. Club BuH., voli 21. p. 61, pi. 176, flg. 6, 
lo94. 
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In addition to the localities already men- 
tioned this species is found on Marthas 'Vine- 
yard and Long Island, in the Eutaw formation 
of western Georgia, and in the Woodbine sand 
of the western Gulf region (Texas). Char- 
acteristic specimens of this species are present 
in the lower beds of the Tuscaloosa formation 
of Fayette C!o\mty, Ala. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coxmty, Ala. Eutaw formation 
(basal beds), McBrides Ford, diattahoochee 
Coimty, Ga. 

Collections: U. S. National Museum. 

Magnolia longipes HoUick. 

Magnolia Umgipes Hollick, Torrey Bot. Club Bull., 

vol. 21, p. 60, pi. 178, fig. 3, 1894. 
Newberry, The flora of the Amboy clays, p. 76, pi. 54, 

figs. 1-3, 1896. 
(?) HolUck, The Cretaceous flora of southern New 

York and New England, p. 64, pi. 21, figs. 6, 6, 1906. 
Berry, Torrey Bot. Club Bull., vol. 37, p. 23, 1910; 

New Jersey Geol. Survey Bull. 3, p. 135, pi. 14, 

^, 1, 1911. 
Magnolia alteman$ Heer. Ward, in Smith, On the 

geology of the Coastal Plain of Alabama, p. 348, 

1894 (not Heer). 

Leaves oblong-ovate in outline, apparently 
about 18 centimeters in length by 6 to 7 centi- 
meters in maximum width, which was below 
the middle. Apex obtusely rounded. Base 
usually cimeate. Midrib and petiole very 
stout, the latter unusually long, reaching 12 to 
13 centimeters in some specimens. Sec- 
ondaries camptodrome, relatively thin and 
remote, 10 to 12 pairs, branching from the 
midrib at angles of about 45° and tjurving 
upward in a short distance to join a branch 
from the secondary next above. The sec- 
ondaries thus form a series of large arches 
which approximately parallel the margin and 
constitute one of the distinctive characters of 
this species, another being the long petiole 
and the oblong, almost straight-sided shape. 

This leaf is a very striking Magnolia and is 
common in the middle part of the Raritan 
formation at Woodbridge, N. J. Frag- 
mentary specimens which have been corre- 
lated with these remains are reported from 
Long Island. It is apparently quite diflFerent 
in appearance from any of the other Cre- 
taceous species of Ma^gnoliaj although it sug- 
gests somewhat a gigantic form of Magnolia 
woodbridgensis. It is f oxmd in the Magothy 
formation of Maryland. The occurrence in 



Alabama is based upon the material from the 
Cottondale locality, which is more or less 
fragmentary and similar to that identified as 
Ma^gnolia altemans Heer by Ward. In the 
absence of complete specimens, only the basal 
part as a rule being preserved, it is quite 
possible that the present specimens are not 
distinct from Magnolia spedoaa, which is so 
abimdantat this locality. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa Coimty; Shirleys MUl, Fayette 
Coxmty, Ala. 

Collections: U. S. National Museum. 

Magnolia lacoeana Lesqnerenx. 

Plate XVII, figure 9 

Magnolia lacoeana Leequereux, The flora of the Dakota 

group, p. 201, pi. 60, fig. 1, 1892. 
Newberry, The flora of the Amboy clays, p. 73, pi. 55, 

figs. 1, 2, 1896. 
Hollick, The Cretaceous flora of southern New York 

and New England, p. 65, pi. 17, fig. 2, 1906. 
Berry, Torrey Bot. Club Bull., vol. 37, p. 23, 1910; 

New Jersey Geol. Survey Bull. 3, p. 134, pi. 16, 

Gg, 2, 1911. 

Leaves broadly oval to almost orbicular in 
outline, obtuse or abruptly pointed above and 
rounded to a somewhat cimeate base below, 
10 to 12 centimeters in length by 8.5 to 9.5 
centimeters in maximum width. Midrib stout, 
somewhat flexuous. Secondaries numerous, 
camptodrome, rather stout, 10 to 12 pairs; 
they branch from the midrib at acute angles, 
immediately curving outward, forming fes- 
toons near the margin, which is somewhat 
imdulate in one specimen that Newberry re- 
ferred to this species. 

This species differs from its contemporaries, 
especially in its nearly roimd outline; Les- 
quereux finds a resemblance to Ma^gnolia 
inglefieldi Heer from Greenland, and it also 
suggests some of the Arctic forms which have 
been referred to Ma^gnolia capeUinii Heer. 

Although this species is reported from such 
widely separated points as Marthas Vineyard 
and Kansas, it is nowhere abundant and is 
usually poorly preserved, suggesting that the 
leaves were readily macerated. It also occurs 
in unreported collections from the Magothy 
formation in Maryland. In Alabama it 
appears to be confined to the lower part of the 
Tuscaloosa formation of Fayette County. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette Coimty, Ala. 

Collections: U. S. National Museum. 
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Magnolia hoUicki Beny. 

Magnolia hollicki Berry, Torrey Bot. Club BuU., vol. 36, 
p. 253, 1909; New Jersey Geol. Survey Bull. 3, p. 
136, pi. 15, fig. 3, 1911. 
Magnolia auricukUa HoUfck, Torrey Bot. Club Bull., vol. 
21, p. 61, pi. 179, figs. 6, 7, 1894; The Cretaceous 
flora of southern New York and New England,, p*. 
67, pi. 19, fig. 5; pi. 20, figs. 5, 8, 1906 (not Lamarck, 
1783). 
Smith, On the geology of the Coastal Plain of Alabama, 

p. 348, 1894. . 
Newberry, The flora of the Amboy clajTi, p. 75, pi. 58, 
• figs. 1-9, 11, 1896 (not fig. 10). 
Berry, Torrey Bot. Club Bull., vol. 33, p. 174, 1906. 
Dicotyledonous leaf impression, Hitchcock, Final report 
on the geology of Massachusetts, \ol. 2, p. 430, pi. 
19, fig. 1 (part), 1841. 

Leaves orbicular-ovate in outline, 4 to 10 
centimeters in length by 2 to 5.5 centimeters in 
width, petiolate. Apex acute, slightly ex- 
tended in one or two specimens. Base usually 
pronouncedly auriculate. Petiole and midrib 
stout. Secondaries few, 6 or 7 pairs suboppo- 
site, camptodrome. Texture smooth and sub- 
coriaceous. 

This magnificent species is abundant and 
well preserved at Woodbridge, N. J., in the 
Raritan formation, on Marthas Vineyard, and 
in the Magothy formation of Maryland. New- 
berry was somewhat uncertain as to its rela- 
tionship with Magnolia and compared it with 
Aristolochiaj Polygonum^ and Toxylon. Of 
these genera Toxylon is the only one which is 
at all suggestive, and none of its species has the 
auriculate base, whereas this character of base 
prevails in more thftn one modem species of 
Ma^gnolia. The outUne, consistency and vena- 
tion, are all in accord in pointing to Ma^gnolia 
as the proper generic reference. This form is 
one of thpse mentioned from Marthas Vineyard 
by Hitchcock.* 

Ward identified this species from Cotton- 
dale, Shirleys Mill, and Glen Alien, in Alabama, 
but in restudying these collections I have re- 
ferred these forms to Magnolia spedosa Heer 
and confined M. JwUicki to forms with an au- 
riculate base. I have seen only a single speci- 
men of M. hoUickif which is, however, typical, 
being an almost exact coimterpart of New- 
berry's figure 11 in size and outline, differing 
merely in the more pronounced basal auricles 
of the Tuscaloosa specimen. 

I nitchoock, Edward, Final report on the geol<^y of Massachusetts, 
vol. 2, p. 430, 1841. 



Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 
Collection: U. S. National Museum. 

Genus UBIODEKDSOK Iilim6. 
Liriodendron meekil Heer. 

Plate XX, ficrure 2. 

Liriodendron meekii Heer, in Meek and Hayden, Acad. Nat. 

Sci. Philadelphia Proc., vol. 10, p. 265, 1858. 
Heer, Phyllit^s cr^tac^es du Nebraska, p. 21, pi. 4, 

figs. 3, 4, 1866. 
Newberry, Illustrations of Cretaceous and Tertiary 

plants, pi. 6, figs. 5, 6, 1878. 
Lesquereux, The flora of the Dakota group, p. 205, pi. 

28, figs. 5, 6, 1892. 
Engelhardt, Naturwiss. Gesell. Isis in Dresden Abh. 

7, Jahig. 1891, p. 100, a892 (?). 
Kurtz, Rev. Mus. La Plata, vol. 10, p. 53, 1902 (?). 
Liriodendron Tneekii genuina Heer, Flora fossilis arctica, 

vol. 6, Abt. 2, p. 89, pi. 22, figs. 12, 13; pi. 23, fig. 6, 

1882. 
Liriodendron primaevum Newberr>', Lyceum Nat. Hist. 

New York City Ann., vol. 9, p. 12 (part), 1868. 
Newberry, Illustrations of Cretaceous and Tertiary 

plants, pi. 6, fig. 7, 1878 (misnumbered as fig. 6). 
Lesquereux, The flora of the Dakota group, p. 203 

(part), pi. 26, fig. 2, 1892. 
Newberry, The later extinct floras of North America, 

p. 96, pi. 6, fig. 7, 18S8. 
HoUick, New York Acad. Sci. Trans., vol. 12, p. 8, 

pi. 3, fig. 4, 1892. 
Hollick, The Cretaceous flora of southern New York 

and New England, p. 68, pi. 21, fig. 7, 1906. 
Liriodendron meekii primaeva Heer, Flora fossilis arctica, 

vol. 6, Abt. 2, p. 88 (part), pi. 23, fig. 5, 1882. 

Leaves of relatively small size, more or less 
panduriform in outline; described by New- 
berry as three-lobed with the median lobe 
emarginate. Length along the midrib 5 to 10 
centimeters, usually about 5 centimeters, the 
specimen from Alabama being 4.7 centimeters. 
Greatest width, which is toward the base of 
the leaf, 2.4 to 7 centimeters, averaging about 
4 centimeters, the specimen from Alabama 
being 4.3 centimeters. Lobes more or less 
well marked, the basal pair directed laterally 
and broadly rounded, the upper pair directed 
diagonally, usually less well marked, roimded 
at the outside and inclined toward angularity 
at the tip. Lateral sinuses more or less in- 
dented in the typical forms, such as the speci- 
men figured from Alabama, extending nearly 
halfway to the midrib and broadly roimded. 
Apical sinus wide and open, usually cuneate 
in outline. Base somewhat descending close 
to the midrib, broadly and somewhat curved 
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cuneate. Midrib stout, straight, or somewhat 
curved. Secondaries thin, parallel, about six 
pairs, branching from the midrib at angles of 
over 45^ and gently curving upward toward 
their extremities, probably camptodrome, their 
idtimate course not made out. 

The middle Cretaceous leaves variously de- 
scribed as Liriodendron meekii, L. primaevuniy 
i. semicUatum, and L. simplex are in a state of 
almost hopeless confusion, owing largely to the 
difficulty of determining the specific lines of 
cleavage in a probably genetic and variable 
series of forms. 

Liriodendron meelciiy from the Dakota sand- 
stone of Nebraska, was described by Heer in 
1858, in an appendix to a paper by Meek and 
Hayden. It was described as trilobate and 
was not figured, but was compared with the 
European Liriodendron procaccinii Unger and 
with the living Liriodendron ttdipifera Linn6. 
In 1866 the same author returned to this sub- 
ject and gives figures of the two well-known 
specimens, which have been reproduced by 
both Lesquereux and Newberry. It would 
seem that this form must be considered as the 
type of this species and the present writer so 
considers it. However, HeOT|^ in describing 
the Atane flora of Greenland in 1882, returned 
to this subject and considered this form, as 
well as various simple emarginate Lirioden- 
dropsis'hke forms, as different varieties of 
Liriodendron meeJcii. In this treatment he 
was subsequently followed by Lesquereux, but 
not by Newberry, who insisted upon the dis- 
tinctness of the lobate form. We find one of 
Heer's varieties, Liriodendron meeJcii genuinaj 
which may belong here, although the leaves 
are exceptionally large and poorly preserved. 
Another variety, Liriodendron meeJcii primaeva, 
includes the slightly lobate forms subsequently 
referred to Liriodendron primaevum New- 
berry. It is apparently the latter which 
Engelhardt reports from the Cenomanian of 
Saxony. It would seem that the small entire 
retuse leaves which have been variously re- 
ferred to LeguminositeSj Bumdia, Bignonia, 
Liriodendron meelcii, and i. primaevum, as 
well as to L, simplex and to the genus Lirio- 
dendropsisy are more probably allied to the 
Legimiinoseae than to Liriodendron, and they 
are so considered in the present study. On 
the other hand, Liriodendron meelcii is re- 
stricted to include onlv such lobate forms as 



do not seem to be specifically distinct from the 
originally figured types, and with them are 
merged those forms usually referred to Lirio- 
dendron primaevum Newberry, which are sim- 
ply variants of the type just mentioned with 
less prominently developed lobes. 

As here delimited, the species is foimd in the 
Dakota sandstone; in morainic material on 
Staten Island, derived from the Raritan forma- 
tion, or possibly from the Magothy formation; 
somewhat doubtfully in the Atane beds of 
Greenland; doubtfully in the lower part of the 
Black Creek formation of North Carolina;^ 
positively in the lower part of the Tuscaloosa 
formation in Alabama; and doubtfully in the 
South American Cretaceous and in the Ceno- 
manian of Saxony. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collections: U. S. National Museum. 

FamUy MXNISPESMACEAE. 

Genus COCCULUS De CandoUe. 

CoccnluB dnnamomeiis Velenovsky (?). 

Plate XVII, figure 1. 

Cocculus dnnamomevLB Velenovsky, Die Flora der 

Bdhmischen Kreideformation, pt. 4, p. 65(4), 

pi. 8 (31), figs. 16-21, 1885. 

HoUick, The Cretaceous flora of southern New York 

and New England, p. 62, pi. 12, figs. 10-12, 1906. 

Leaves small, ovate in outline, with acute 
base and apex, triveined from a point at or 
near the base. Primaries aerodrome. Mar- 
gins entire. Very close to the existing Cocculus 
laurifolius De CandoUe. 

The Alabama material, which is fragmentary, 
denotes a smaller leaf than the type, which is 
from the Cenomanian of Bohemia. It is, how- 
ever, unquestionably identical with the leaves 
from Marthas Vineyard which Hollick identi- 
fies as this species. As the groimds for this 
long-range identification are more or less in- 
secure the occurrence of this species in Alabama 
is queried. The modern species of Cocculus 
number about thirty and are massed in the 
oriental Tropics, although several are known 
from the Western Hemisphere. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collections: U. S. National Museum. 



» Berry, E. W., Torrey Bot. Club Bull., vol. 34, p. 197, 1907. 
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Coccnlns polycarpaefoUns Berry, n. sp. 

Plate XVII, figures 2, 3. • 

Leaves of relatively medium size, elliptic- 
acuminate in outline, with a short acuminate 
apex, full roimded sides, and broad, at length 
decurrent base. Length 4 to 6 centimeters. 
Maximum width 2 to 4 centimeters in the 
basal half of the leaf. Primaries three, thin, 
aerodrome from the base, of equal caliber. 
Angle of divergence between the laterals and 
the midrib acute, about 20° or less. The 
laterals give off two or three curved campto- 
drome secondaries on the outside, and in some 
specimens the lower, which diverges at an 
acute angle, bends upward and pursues an 
aerodrome course, parallel with the margin, 
precluding the development of distal lateral 
secondaries. Tertiaries thin, obliquely trans- 
verse. 

The present species, which is an obviously 
new element in our eastern Cretaceous floras, 
is named in allusion to its resemblance to 
Coccvlus poly carpus Roxburg from India. It 
is readily distinguishable from the associated 
Tuscaloosa species of Coccvlus. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa Coimty, Ala. 

Collections: U. S. National Museum. 

Coccuhis problematiciis Berry, n. 8p. 

Plate XVII, figure 4. 

Leaves oblong-linear in outline, 9 to 10 
centimeters in length, by about 2 centimeters 
in maximum width. Apex obtusely pointed. 
Base broadly rounded, slightly decurrent at 
the short, stout, ciuv^ed petiole. Margins 
entire. Venation aerodrome from the base. 
Midrib stout. Lateral primaries thin, two on 
each side branching from the extreme base, 
the outer forming a thin, more or less arching, 
marginal hem, the inner 1 millimeter to 2 
millimeters inside th6 outer and somewhat 
more prominent, connected with the midrib 
by oblique transverse tertiaries. 

This species is unique in character and of 
rather imcertain botanic aflSnity. It is more 
elongated and linear than Coccvlus dnna- 
rrwmeus Velenovsky, although it resembles 
somewhat some of the forms from Marthas 
Vineyard which Hollick refers to this species.* 

*Hollick, Arthur, V. S. Oeol. Survey Mon. 60, pi. 12, fig. 13, 1907. 



They differ in their greater elongation, less 
ovate outline, and broader base. 

Occurrence: Tuscaloosa formation, Glen 
Allen, Fayette Coimty, Ala. 

Collections: U. S. National Museimi. 

Oenus MEKISPEBMITES Les^erenz. 
Menispermites integrifolhis Berry, n. sp. 

Plate XX, figure 1. 

Leaves deltoid-ovate in outline, with a short, 
sharply pointed apex and a tnmcate or slightly 
cordate, peltate base. Length about 6.5 centi- 
meters. Maxunum width, in the basal part of 
the leaf, about 6.5 centimeters. Margins en- 
tire, full and rounded. Textiu"e subcoriaceous. 
Petiole missing. Midrib stout, enlarged proxi- 
mad. Lateral primaries subopposite, supra- 
basilar, only slightly differentiated from true sec- 
ondaries, of which they constitute the second 
pair. They divei^e from the midrib at angles of 
about 45° or slightly more, and are relatively 
straight for more than half the distance to the 
margin, then curve upward and are eventually 
camptodrome. Secondaries well marked, four 
or five opposite to alternate pairs, irregularly 
spaced, one pair below the primaries, all 
camptodrome. Primaries give off on their 
outer sides three to five curved camptodrome 
laterals. Tertiaries thin, percurrent, with a 
few laterals from midrib parallel with 
Secondaries. 

This species is not at all trilobate, as are some 
of the species from the Dakota sandstone from 
which it also differs in having camptodrome 
instead of craspedodrome lateral primaries. 
Among described forms it is like some of the 
leaves from the Raritan formation of New 
Jersey that Newberry referred to Menispermites 
bcrealis Heer, without greatly resembling the 
type material of that species. The most simi- 
lar figured form is one given by Newberry,* 
which differs from the present species in its 
inequilateral form. Superficially Menisper- 
mites integrifolius suggests the associated Cordia 
apiculata (Hollick) Berry, differing especially 
in its peltate base. It may also be compared 
with different Upper Cretaceous leaves that 
have been commonly referred to PopvluSj some 
of which have been referred by various stu- 
dents to Cocculus, The fossil seems to resemble 

« Newberry, J. S., The flora of the Amboy clays: U. 8. Geol. Suirey 
Mon. 26, pi. 50, fig. 2, 1895. 
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Cocctdus more closely, but in view of the uncer- 
tainty of such a rdference Menispermites will 
• serve equally well as a generic designation for 
leaves of the family Menispermaceae. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

MeniBpermites trilobatus Berry, n. sp. 

Plate XVII, figures 5, 6. 

Leaves of relatively small size, elliptical in 
general outUne, trilobate, 3.5 to 5 centimeters 
in length by 4 to 6 centimeters in maximum 
width, which is from tip to tip of the lateral 
lobes. Petiole stout, about 1.5 centimeters in 
length. Margins entire, slightly repand in 
places. Apex broadly rounded, in some speci- 
mens retuse mucronate. Base very broadly 
roimded, more or less peltate. Apical lobe 
wide and rounded, lateral sinuses very open 
and shallow, extending inward not more than 
one-seventh of the distance to the base, broadly 
roimded. Lateral lobes directed at angles of 
45*^ to 55** with the midrib, with rounded tips, 
which are somewhat narrower than that of the 
median lobe; the position of the tips of the 
lateral lobes is about half the distance between 
the apex and the base of the leaf, or somewhat 
less. From this point the margin curves 
downward in a full lunate curve that is not 
broken for the attachment of the petiole, which 
is within the margin a distance of several 
millimeters. 

Midrib rather stout from the peltate base. 
Lateral primaries of about the same caliber 
diverge from the extreme base at angles of 45° 
to 55** and run to the tips of the lateral lobes in 
an almost straight course. The lateral pri- 
maries, as well as the midrib, give off several 
pairs of secondaries, at angles somewhat in 
excess of 45°, which are curved and ultimately 
camptodrome. Mai^inal tertiaries form small 
arches within the margin and more or less open 
pentagonal and inequilateral meshes within the 

secondaries. 

This fine species is entirely distinct from any 

previously described forms and is clearly refer- 
able to the genus Menispermites and genetically 
related to the modemMenispermaceae. Meni- 
spermites is an abundant type and is esj>ecially 
well represented in the flora of the Dakota sand- 
stone, the present species suggesting a close re- 
lationship with Menispermites grandis Lesque- 



reux * and M. ohtusUobus Lesquereux ' of that 
formation. Curiously enough Kifftz* has re- 
corded M. ohtusilobus from the Upper Creta- 
ceous of Ai^entina in southern South America, 
but as he has failed to publish figures of any of 
his forms their identification can not be con- 
sidered to be above suspicion. The Tuscaloosa 
species resembles a small leaf of AspidiophyUum 
trilohaium Lesquereux* of the Dakota sand- 
stone, differing somewhat in the character of 
the base. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Menispermites variabilis Berry. 

Menispermites variabilis Berry, U. S. Geol. Survey Prof. 
Paper 84, p. 113, pi. 21, figs. 1-4, 1914. 

This species was recently described by me 
from the eastern Gulf area in the publication 
cited and the discussion need not be repeated 
here. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee Coimty, Ga. 

Collection: U. S. National Museum. 

Order PAPAVEaALES. 
Ttmiily CAPPABIDAGEAE. 
Qemu CAPPABITES Bexiy, n. fen. 

^ Relatively large, orbicular or elliptical, more 
or less retuse, pinnately veined, petiolate, en- 
tire margined, leaves of the general character 
of those of the modem genus Capparis of 
Linn6. 

Capparites cynopliylloides Berry, n. sp. 

Plate XXII, figure 1. 

Leaves of relatively large size and variable 
fonn, ranging in outline from eUiptical to 
deeply retusely obovate. Length ranging from 
6 to 8 centimeters. Maximimi width 4.75 to 7 
centimeters in the middle part of the leaf. 
Margins entire, more or less repand, full, re- 
flected in apical part of leaf to form a retuse 
sinus with a maximum depth of 1.5 centimeters. 
Petiole stout, about 2.5 centimeters in length. 

1 Lesquereux, Leo, The Cretaceous and Tertiary floras, p. 80, pL 15, 
figs. 1, 2, 1883. 

s Lesquereux, Leo, The Cretaceous flora, p. 94, pi. 26, figs. 1, 2; pi. 26, 
fig. 3, 1874. 

s KurU, Federioo, Rev. Mus. La Plata, vol. 10, p. 53, 1902. 

* Lesquereux, Leo, The Cretaceous and Tertiary floras, p. 87, pi. 12, 
fig. 1; pi. 13, figs. 1-5: pi. 14, fig. 1, 1883. 
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Midrib stout, iisually curved. Secondaries 
relatively thin, five to seven opposite to alter- 
nate pairs, branching from midrib at angles 
of 45° or more, somewhat irr^ular in both their 
spacing and course, ultimately camptodrome. 
Texture coriaceous. 

This species varies from the equilateral al- 
most obcordate leaf figured to the inequilateral 
elliptical form also figured. Among modem 
species it is so close to Capparis cynophaUophora 
Linn6, a West Indian species, that the genus has 
been named Capparites. The modern genus 
Capparis Linn6 includes over a hundred spe- 
cies of trees the majority of which inhabit Cen- 
tral America and northern South America, 
although it is also present in the Tropics of the 
Old World. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. (Collected by 
E. W. Berr} .) 

Collection: U. S. National Museum. 

Capparites orbiculatns Berry, n. sp. 

Plate XXII, figures 2, 3. 

Leaves somewhat smaller than in the preced- 
ing species, nearly orbicular in general outline, 
about 5 to 6 centimeters in longitudinal and 
lateral diameter. Margin entire, slightly re- 
pand. Texture subcoriaceous. Petiole miss- 
ing but apparently present, as shown by the 
character of the broken base in the figured 
specimen. Midrib thinner than in Capparites 
cynopTiyUoides Berry, decidedly flexuous. Sec- 
ondaries thin, four or five subopposite to alter- 
nate pairs, branching from the midrib at angles 
of 45° or more, curving upward, camptodrome. 
Tertiaries consisting of camptodrome veins in 
marginal region and percurrent veins inter- 
nally. In the lower marginal region there are 
three or four camptodrome tertiaries from the 
outside of the basal secondaries, and one or 
two nearly horizontal camptodrome pseudosec- 
ondaries from the midrib on either side, below 
the lowest true secondaries. 

The present species, which is not common, 
is similar to some of the forms assumed bv the 
existing Capparis cynopTiaUopTiora Linn6 as 
well as to other tropical American species of 
Capparisy and it may be only a variety of C 
cynophyUoideSf especially as it occurs at the 
same outcrop. 



Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. (Collected by 
E. W. Berry.) 

Collection : U. S. National Museum. 

Older BOSALES. 
Family MIMOSAGEAE. 
Oenut INOA WUldenow. 

Inga cretacea Lesquereuz. 

Plate XXII, figures 4, 5. 

Irufa cretacea Lesquereux, The flora of the Dakota group, 

p. 153. pi. 55, fig. 11, 1892. 
Bartfich, Iowa Univ. Lab. Nat. Hist. Bull., vol. 3, p. 

181, 1896. 
Knowlton, U. S. Geol. Survey Twenty-first Ann. 

Kept., pt. 7, p. 318, 1901. 

Leaves narrowly oblong-lanceolate in out- 
line, usually inequilateral, about 9 centimeters 
in length by about 2 centimeters in maximum 
width, which is below the middle. They taper 
downward from this point to the cuneate and 
slightly decurrent base and upward to the acu- 
minate tip, which in a measure suggests a small 
leaf of Ficus daphnogenoides, as may be seen 
by comparing the present species with figures 
of some of the specimens of that species from 
Alabama. Petiole short and thick, about 1 
centimeter in length. Midrib stout below and 
curved, becoming thin distad. Secondaries nu- 
merous, about 14 opposite or subopposite pairs, 
branching from the midrib at acute angles of 
about 30®, camptodrome. 

This species was described by Lesquereux 
from the Dakota sandstone of Kansas. It has 
been recorded by Bartsch from this same for- 
mation in Iowa, and by Baiowlton from the 
Woodbine sand of Texas. The present is the 
first recorded occurrence of this species east 
of Mississippi River. It may be compared 
with many described species of Leguminosites 
and also to a lesser extent with numerous 
European Tertiary species referred to Cassia, 
Lesquereux called attention to its resemblance 
to the European Tertiary Inga icari linger,* 
and to the living Inga semioHaUi' Martins of 
tropical Brazil. 

The writer has collected leaves of the Iriga 
type not greatly different from the present 
species from both the lower Eocene (Wilcox 

» Unger, Fraiu, Die fjsslle Flora von Kumi auf der Insel Euboea, 
p. 87, pi. 16, fig. 10, 1807. 
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group) and the middle Eocene (Qaibome group) 
of the Mississippi embayment region. 

The modem species of Inga are niunerous, 
more than 150 being known. These species 
inhabit the American tropics, extending south- 
ward into the subtropical region of South 
America but not reaching northward as far as 
the United States. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Family CAESALPINIAGEAE. 
Oeniis HTMENASA Liimfi. 
[Species plantanim, p. 1192, 1753.] 
Hjrmenaea fayettensis Berry, n. sp. 

Plate XXIII, figure 2. 

Leaves with a short, stout petiole; com- 
pound; consisting of two ovate-lanceolate, en- 
tire margined leaflets. Leaflets sessile with a 
markedly inequilateral, cimeate or sUghtly 
decurrent base but not noticeably inequilateral 
above the base; 6.5 to 8 centimeters in length, 
by 2 to 3 centimeters in maximum width, which 
is in the lower half of the leaflets ; tips extended, 
acuminate. Midribs stout below, becoming 
thin above. Secondaries thin, camptodrome, 
numerous, seven or eight subopposite to alter- 
nate pairs in each leaflet; they branch from 
the midrib at angles ranging from 30^ to 50° 
and curve upward, the lower being quite as- 
cending and the angle of divergence becoming 
progressively greater toward the apex, of the 
leaflets. Tertiaries numerous, very fine, trans- 
verse. Texture less coriaceous than in most of 
the recent species. 

This form is a well-defined species of this inter- 
esting genus of the Caesalpiniaceae and is quite 
distinct from any of those previously described. 
Although the genus Hymencbea is confined to 
tropical America in the existing flora, it seems 
to have been cosmopolitan in the late Mesozoic, 
several well-characterized species having been 
described from the Upper Cretaceous of this 
country and Europe. The present species is 
most like Hymenaea primigenia Saporta, a spe- 
cies described by Saporta * and Velenovsky ' 
from the Cenomanian of Bohemia and recorded 

* Saporta, 0. de, Le monde des plantes avant rapparitlon de I'homme, 
p. 199, fig. 2, 1879. 

* Velenovsky, Josef, Die Flora der Mhmischen Kreideformation, pt. 3, 
p. 9, pi. 5, fig. 4 ; pi. 6, figs. 1-4, 1884. 

65628*'— 18 7 



by HoUick ' from the Magothy formation on 
Marthas Vineyard. In this form the leaflets 
are petiolate, and the margins are commonly 
crenate-dentate. The other known American 
Cretaceous species is Hymenaea daJcotana de- 
scribed by L^quereux * from the Dakota sand- 
stone of Kansas, and recorded by Newberry * 
from the Karitan formation (probably upper 
Raritan) of New Jersey, by HoUick " from Long 
Island and Marthas Vineyard, and by me^ from 
the Magothy formation of New Jersey. 

This widespread species is not unlike the 
present species in some specimens, but in gen- 
eral the leaflets are much smaller and more 
inequilateral, with shorter tips and with peti- 
olules of considerable length. The two species 
are perfectly distinct. 

The curious bifoholate leaf habit which 
characterizes Hymenaea is not confined to 
that genus but is shared by other genera of 
the Caesalpiniaceae and Mimosaceae, as, for 
example, by certain species of Bauhinia, 
LeiLcaena, Cassia, Acacia, Cynom^tra, and Inga. 
Usually, however, the general habit, shape, 
venation characters, and other features enable 
the student to distinguish between them. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museum. 

Oeniit BATJHINIA Linn6. 

[Species plantarum, p. 374, 1763.] 

Baahinia cretocea Newberry. 

Bauhinia cretacea Newberry, Toney Bot. Gub BuU., vol. 
13, p. 77, pi. 66, 1886; The flora of the Amboy clays, 
p. 91, pi. 43, figs. 1-4; pi. 44, figs. 1^, 1896. 
Berry, New Jersey Geol. Survey Bull. 3, p. 162, pL 19, 
^, 3, 1911. 

Newberry's description of this species, pub- 
lished in 1896, is as follows: 

Leaves large, from 10 to 18 centimeters in diameter, 
general outline circular, deeply two-lobed, sinus reaching 
below the middle, margin entire, base roimded, lobes ob- 
long or broadly spatulate; nervation strong, radiate or 
bilateral, midrib slender, from 1 to 4 centimeters in length, 
running to bottom of medial sinus, there forking equaUy, 
each slender branch running parallel with the margin of 

« HoUick, Arthur, U. 8. Geol. Survey Mon. 60, p. 84, pi. 32, figs. 8, % 
1907. 

< Lesquereux, Leo, U. S. Geol. Survey Mon. 17, p. 146, pi. 65, flgs. 2, 
3; pi. 66, figs. 1, 2; pi. 62, fig. 2, 1802. 

» Newberry, J. 8., U. 8. Geol. Survey Mon. 26, p. 90, pi. 41, fig. 14, 1806. 

• Hollick, Arthur, op. cit., p. 83, pi. 32, flgs. 5-7. 

» Berry, E. W., New Jersey Geol. Survey Ann. Rept. for 1906, p. 138^ 
pi. 22, figs. 1, 2, 1906. 
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the sinus; lateral nerves strong, usually two, rarely one 
on each side, springing from a common base, the interior 
lateral nerve strongest, forking several times and giving 
off fine branches, which inosculate to form a graceful fes- 
toon near the upper margin; the exterior lateral nerves 
throwing off numerous branches which anastomose in 
loops near the margin, producing a camptodrome nerva- 
tion. In those which have but a single lateral nerve the 
lobes are narrower, and each is covered with the ramifica- 
tion of the branches, which spring chiefly from the outer 
side of the single main nerve. 

The form and nervation of these leaves are so precisely 
those of some of the Bauhinias of the present flora that 
there can be no reasonable doubt that we here have the 
remains of a well-marked species of this genus, which 
grew near the mouth of the Hudson River in the middle 
of the Cretaceous age, and was the associate of the mag- 
nolias, tulip trees, araliast etc., which composed the 
angiosperm forest of eastern North America. In size 
some of these leaves exceed those of any living bauhinia, 
and the outline and nervation indicate that the genus was 
as perfectly defined and highly specialized in the Creta- 
ceous age as now. 

The living bauhinias inhabit the tropical and sub- 
tropical regions of the Old and New Worlds, India, Mauri- 
tius, Surinam, Cuba, Mexico, etc. The genus is closely 
related to CerdSj and most of the species have a similar 
habit. In a few the leaves are orbicular or slightly emar- 
ginate, but they are generally bilobed, the sinus reaching 
the middle of the leaf, sometimes extending to the base, 
as is the case with the only species inhabiting the United 
States, B, lunaroides Gray, of Texas and Mexico. 

In most of the East India species the nervation is more 
crowded than in the fossil leaves before us, each nerve 
having three and sometimes four lateral nerves, the medial 
nerve, however, being quite the same. In several ori- 
ental species, and all those of the New World, the nerva- 
tion is simpler and especially like that of the fossil. 

A fossil species of Bauhinia from the Tor- 
tonian deposits of Oeningen, Baden, was de- 
scribed by Heer in 1859.* Soon afterward 
Unger described two additional species,' both 
based on pods, from Croatia. Five years 
later the same author described another 
species from the Aquitanian of Knmi, Greece.' 
In 1885 Velenovsky described another species 
from the Cenomanian of Bohemia,* without, 
however, recognizing its true relationship. 
The next year Newberry described this and 
another larger species from the middle part 
of the Raritan formation of New Jersey. In 
1908 I described a small but striking new 

1 Heer, Oswald, Flora tertiaria Helvetlae, vol. 3, p. 109, pi. 134, fig. 21, 
1859. 

s Unger, Frazu, Sylloge plantarum fossiltuxn, vol. 2, p. 31, pi. 11, figs. 
2, 3, 1862. 

s Unger, Franz, Die fossfle Flora von Kumi auf der Insel Eubo^, 
p. 61, pi. 15, fig. 36, 1867. 

* Velenovsky, Josef, Die Flora der bObmiscben Kreidefbrmation,pt.4, 
p. 12, pi. 6, fig. 4, 1885. 



species' from the Magothy formation of Mary- 
land and the following new and ornate species 
from the lower part of the Eutaw formation 
in Alabama. A late Tertiary species has been 
described by Cockerell* from the Miocene lake 
deposits at Florissant, Colo. 

Occurrence: Tuscaloosa formation, Shirleys 
MiU, Fayette County; Cottondale, Tuscaloosa 
Coimty, Ala. Eutaw formation (basal part), 
Havana, Hale Coimty, Ala. 

Collections: U. S. National Museum. (The 
type of this species from New Jersey is in the 
New York Botanical Garden.) 

Banhinia marylandica Berry. 

Bavhinia marylandica Berry, Torreya, vol. 8, p. 218, figs. 
1-3, 1908. 

Leaves small, about 3 centimeters in greatest 
length by 2.5 centimeters in greatest breadth, 
elliptical in general outline, bilobate ; the apical 
sinus narrow and pointed, reaching one-half to 
two-thirds of the distance to the base; lobes 
narrow, ascending, somewhat falcate in out- 
line, obtusely pointed; midrib straight, giving 
oflf one, two, or three sharply ascending pairs 
of opposite, camptodrome secondaries, and 
these give oflf a series of broadly rounded, in- 
equilateral tertiary arches, which are directly 
upward and outward; the upper pair of second- 
aries is the most prominent; from the jimcture 
of the midrib and sinus a pair of jnuch reduced 
secondaries is given oflf, and these join the sec- 
ondary next below in one or two broad arches. 

The present species was described in 1908 
from the Magothy formation at Grove Point, 
Md., where it is abimdant. It is only spar- 
ingly represented in the lower part of the 
Tuscaloosa formation. 

The form and venation of these leaves are 
exactly like those of several existing forms and 
are so well marked that there can be no doubt of 
the existence of a species of Bauhinia growing 
along the middle and south Atlantic coast 
during the deposition of the Upper Cretaceous, 
whose descendants along with those of its 
congeners migrated finally to their present 
tropical habitat, perhaps gradually with the 
oscillation of climatic conditions, and perhaps 

» Berry, E. W., A new Cretaceous Bauhinia: Torreya, vol. 8, p. 218, 
fig. 3, 1908. 

* Cockerell, T. D. A., Two new fossil plants from Florissant, Colo.: 
Torreya, vol. 9, p. 184, 1909. 
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not until the Pleistocene glaciation to the 
north forced them to make a comparatively 
sudden retreat southward. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County; Shirleys MiD, Glen 
Allen, Fayette Coimty, Ala. 

Collections: U. S. National Museum. 

Bauhinia alabamensis Berry. 

Plate XXIII, figure 8. 

Bauhmia alahamensia Berry, Am. Jour. Sci., 4th ser., vol. 
29, pp. 256-258, text ^. 1, 1910. 

Bilobate leaves of medium and large size, 8 
to 15 centimeters in greatest length by 11 to 18 
centimeters in greatest width. Median sinus 
rather broad and 
rounded, reach- 
ing two-thirds of 
the distance to- 
ward the base 
or even more. 
Lobes somewhat 
reniform in out- 
line, sublobate, 
rounded above 
and with three 
broadly rounded 
sublobes on the 
outer side, the 
entire margin 
curving upward 
and inward from 
the lower and 
largest lobe to 
the truncate or 
deeply cordate 
base, which appears to be slightly peltate in 
some specimens. Midrib comparatively slen- 
der, 1.7 to 3 centimeters in length, running to 
the base of the median sinus and sending ofiF 
two branches in its upper part, one on each side, 
which curve upward parallel with the inner 
margin to join inwardly directed branches from 
the lateral primaries. Main lateral primaries 
stout, sending two or three upwardly directed 
branches inward and three or foiu: longer, less 
oblique branches outward, the latter forking 
and forming broad arches in the lateral lobes. 
One or two additional primaries on each side 
take their origin from the common point of 
divergence of the palmate or bilateral system 
of venation of this species and are confined to 
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the lower lateral lobe on each side along the 
margin of which their branches arch. 

This ornate and butterfly-like species of 
Bauhinia is not uncommon in the sandy clays 
near Havana, in Hale County, Ala., but owing 
to the unsatisfactory character of the matrix, 
which is too sandy for good collecting, and also 
to the fact that the plant remains had evidently 
been in the water a long time before entomb- 
ment, only fragmentary specimens were ob- 
tained. These represent, however, all parts of 
the leaf and are complete enough to serve as an 
entirely acciu-ate basis for the complete leaf 
shown in the figure 12. 
This species is markedly distinct from any 

of the fossil sx)e- 
cies hitherto 
known. In size 
and general ap- 
pearance it sug- 
gests Bauhinia 
cretacea New- 
berry, and it may 
well be a descen- 
dant of that spe- 
cies, which, as 
time passed, wi- 
dened out and be- 
came sublobate. 
It differs from 
any existing spe- 
cies known to me 
in its great width 
and sublobate 
character, al- 
though several 
recent smaller -leaved species approach it in 
the sublobate character, and if represent- 
ative collections of the foliage of the recent 
forms showing the limits of specific variation 
were available for comparison, a tendency 
would probably be foimd toward the formation 
of sublobes. Two recent species were noted as 
showing this marginal character. These are 
Bauhinia hookeri F. v. MOUer of Australia and 
Bauhinia tomentosa Linn6 of the West Indies. 
The display of species of this modem tropical 
genus in the Upper Cretaceous of the Atlantic 
Coastal Plain is certainly remarkable, for it 
embraces very small and very large forms and 
shows a variety almost as great as that fur- 
nished by the existing species. 
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Occmrence: Eutaw formation (basal beds), 
2 miles south of Havana, Hale County, Ala. 
Collections: U. S. National Museum. 

Baflhiiila riplerenalB BerTjr. 

Hate XXlir, figure 7. 

Bauhinia nplrymtiM Berry, Torrey Bot. Club Bull., vol. 
43, p. 294. pi. IG, flg. 1, 191G. 

Leaves of me<lium size, mora or less bilobate 
but much less deeply divided than in the pre- 
ceding species, obovate in general outline. 
Length aloog the midrib, 4.5 centimeters; 
from apex of lobes to base, 6.7 centimeters. 
Width across upper part of the leaf, 5.5 centi- 
meters. Apical sinus open, extending about 
one-fourth of the dbtance toward the base of 
the leaf, its margins at the tip of the midrib 
forming an angle of about 90°, curviiig shghtly 
upward and then consjiicuouslj outward to the 
pointed tips of the lobes, wluch are directed 
laterally. Outer margins of the leaf full and 
rounded, becoming straight toward the broadly 
cuneate base. Midrib of medium size. Lateral 
primaries branching from the base at angles 
with the midrib of about 25°, of medium size, 
Curving upward and then outward, and run- 
ning to the tips of the lobes. They give off 
four or five camptodrome secondaries on the 
outside and two or three on the inside. The 
midrib, in its upper half, also gives off one or 
two secondaries on each side. Leaf substance 
somewhat coriaceous. 

This species, which is sparingly represented 
in the ai^illaceous greenaand marls along 
Cowikee Creek and is associated with shallow 
water or estuarine mollusks of the Ripley for- 
mation, is markedly distinct from any described 
species of Bauhinia. It is much smaller and 
less deeply divi<led than Bauhinia gigantea 
Newberry or Bauhinia alabaTnenais Berry and 
is much less ornate in character. It is, on the 
other hand, much larger than Bauhinia mary- 
landica Berry of the Magothy formation in the 
Maryland area. It differs from all these 
American Cretaceous species in its pointed, 
outwardly directed lob^ but is not unlike a 
number of existing species of this genus. 

Occurrence: Riplej formation (Cusseta sand 
member), right bank of Cowikee Creek, one- 
eighth of a nule above its mouth, Barbour 
County,Ala.; (McNairysand member), 2) miles 
southwest of Selmer, McNiirv Countv. Tenn. 

Collections: U. S. Natio 



OeiKia PALBOCASSIA Itttncibaiiaen. 

PaleocawlB bmrinea Lesqaerenx. 

Plate XXIII, figure 1. 

Falatoeattia laurinea Leoquereux, The flora of the DakoUi 

group, p. 147, pi. 64, fig. 12, 1892. 

Leaflets ovat«-lanceolate in outline, subin- 
equilateral, with a pointed apex and a cuneate 
base. Length ranging from 3 to 6 centimeters. 
Maximum width, at or below the middle, about 
2 centimeters. Mai^ns entire, somewhat irr^- 
ular, emai^inate halfway up ou one side in 
the figured specimen. Petiolule short, curved, 
gradually enlarged proximad, about 5 milli- 
meters in length. Midrib of medium size, 
curved. Secondaries thin, camptmlrome. 

This species, which was described from the 
Dakota sandstone of Kansas, is present in the 
lower part of the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayett« County, Ala. 

.Collection: U. S. National Museum. 
Qenns CASSIA LinnC. 
Caa^ vanihrnni Benr, n. sp. 
Plate XXII. fife-ure 8. 

Leaflets of relatively large size, elliptical in 
general outline, with a somewhat extended, 
obtusely pointed apex, and a broadly rounded 
base, about 8 centimeters in lei^th by about 
4 centimeters in maximum \i-idth, which is 
about midway between the apex and the base. 
Margins entire, full and rounded. Petiole ab- 
sent in the material collected. Midrib stout. 
Secondaries numerous, thin, and more or less 
obsolete, about ten pairs, camptodrome; they 
branch from the midrib at angles of 45° or 
slightly more. Tertiary venation obsolete. 

This species, which is named in honor of 
T. Wayland Vaughan, is clearly new. It re- 
sembles the leaves of a number of imrelated 
tropical genera in the existing flora but stands 
closest to the genus Cassia, greatly resembling 
a number of existing species and being also 
identical in its characters with the fossU leaves 
which European paleobotanists refer to this 
genus. 

The genus Cassia in the modem flora has 
more than 400 species of herbs, shrubs, and 
trees, which are widely distributed in the 
warmer parts of both hemispheres, and there is 
a distinct mA.qsincr of snMties in the American 
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Occurrence: TuscaloOisa formation, Glen Al- 
len, Fayette County, Ala. 
Collections: U. S. National Museum. 

FamUy PAFIUONACSAE. 
Oeniis PHASBOUTES TJnfer. 
Phaseolites formns Lesqnereux. 

Plate XXII, figure 7. 

Phaseolite8 Jormua Leequereux, The flora of the Dakota 

group, p. 147, pi. 55, figs. 5, G. 1892. 
(V) Kerner, K.-k. geol. Reichsanstalt Jahrb., Band 45, 

Heft 1, p. 54, pi. 5, fig. 4, 1895. 
Berry, Torrey Bot. Club Bull., vol. 37, p. 198, 1910. 

Leaves ovate, inequilateral and somewhat 
variable in outline, more or less falcate, yrith. 
an acute apex and base, 5 to 8 centimeters in 
length by 2.5 to 5 centimeters in maximum 
width, which is near the middle. Petiole stout, 
curved, about 1 centimeter in length. Midrib 
stout below, thin above, curved. Secondaries 
of medium size, about 8 pairs, branching from 
the midrib at angles of 45® to 50®, curving 
upward, camptodrome. Finer venation indis- 
tinct. Textiu"e subcoriaceous. 

This species was described by Prof. Lesque- 
reux from the Dakota sandstone of Kansas. 
It was subsequently recorded by von Kerner 
from the island of Lesina, off the coast of Dal- 
matia (Cenomanian). The citation is ques- 
tioned, for the identity of these widely removed 
occurrences is doubtful, although the actual 
specimens are very similar in appearance. 

I have recorded this species from the lower 
part of the Black Creek formation in North 
Carolina, and it is represented by closely aUied 
forms in the northern Atlantic Coastal Plain. 
In the Alabama area it is known only from the 
lower part of the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Cottondale, Tuscaloosa 
Coimty, Ala. 

Collections: U. S. National Museum. 

Oenat COLUTBA Llnn^. 

[Species plantarum, p. 723, 1753.] 

Colutea obovata Berry. 

Plate XXIIL figure 3. 

ColiUea obovata Berry, Torrey Bot. Club Bull., vol. 33, 
p. 175, figs. 5, 6, 1906. 

Leaves small, obovate in general outline, 
inequilateral, with rounded margins and apical 
auricles separated by a deep and rounded sinus. 



The Tuscaloosa leaf u somewhat smaller than 
the type and measures 1.5 centimeters along 
the midrib, 1.6 centimeters fr6Yn apices to base, 
and 1.2 centimeters in great^'t Wi,dth, which is 
in the distal half of the leaf. ' Base ^uneate. 
Midrib slightly cun^ed. Secondaries 4 or 5 
subopposite pairs which are thin, ascending, 
and camptodrome. Tertiaries fine, not seen in 
the material from Alabama. 

This small species was described by the 
writer from material collected in the Magothy 
formatign of Maryland and appears to be 
entirely distinct from the known Cretaceous 
species, of which there are several. It resem- 
bles more or less some of the leaves which 
have been identified as Colutea primordialis 
Heer from Greenland, the Atlantic Coastal 
Plain, and the western interior r^on. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museum. 

Oeniis LEEUODSNDBCPSIS Newbeny. 

[U. S. Geol. Survey Mon. 26, p. 82, 1896.] 

Liriodendropsis simplex (Newberry) Newberry. 

Plate XXII, figure 6. 

Liriodendron simplex Newberry, Torrey Bot. Club Bull., 
vol. 14, p. 6, pi. 62, figs. 2, 3, 1887 (part). 

White, Am. Jour. Sci, 3d eer., vol. 39, p. 98, pi. 2, 
figs. 6, 7, 1890. 

Uhler, Maryland Acad. Sci Trans., vol. 1, p. 207, 189?. 

Hollick, New York Acad. Sci. Trans., vol. 11, p. 99, 
pi. 2, figs. 2, 4, 5, 7, 9, 1892; idem, vol. 12, p. 235, 
pi. 5, figs. 1, 2, 4, pi. 7, fig. 2, 1893; New York State 
Mus. I^'ifty-fifth Ann. Kept., p. 50, 1903. 

Pollard, New York Acad. Sci. Trans., vol. 13, p. 180, 
1894. 
Liriodendropsis simplex (Newberry) Newberry, The flora 
of the Amboy clays, p. 83, pi. 19, figs. 2, 3; pi. 53, 
figs. 1-4, 7, 1896. 

Smith, On the gedogy of the Coastal Plain of Alabama, 
p. 348, 1894. 

Hollick, The Cretaceous flora of southern New York 
and New England, p. 72, pi. 23, figs. 1-7; pi. 24, 
figs. 1-9; pi. 25, figs. 1, 4, 5, 7, 10-12; pi. 26, figs, 
lb, c, d, 1906. 

Berry, New Jersey Geol. Survey Bull. 3, p. 158, pi. 
19, fig. 2, 1911. 

Leaves or leaflets ovate to ovate-lanceolate 
in outUne, with entire margins^ emarginate 
apex, and cuneate base, ranging from 3 to 10 
centimeters in length and from 2.2 to 5 centi- 
meters in width. Midrib stout. Secondaries 
numerous, camptodrome, their intervals filled 
by more or less parallel, reticulating, fine ter- 
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tiaries. The angles of..dfcergence are variable, 
even in the same Wf\:Artd the peculiarities of 
preservation obactg-e *tKe finer venation in some 
specimens, grvitig-'them a strikingly diflFerent 
appearance.froin others in which the preserva- 
tion i3 riiore complete. 

. ^ii<B«e-l*eaves are exceedingly variable in size 
ari<i'6utline. The apex in many specimens is 
langular at the corners of the leaf blade and at 
the sinus; in other specimens it is romided. 
The sinus may be shallow or moderately deep. 
The leaflets are much wider than those of L, 
angnMifolia, described below, and the width is 
usually greatest in the upper part, although 
this feature is far from constant. 

This species is very common at a number of 
localities in the Raritan formation of New Jer- 
sey and also on Marthas Vineyard, Long Island, 
and Staten Island. It is also common in the 
lower part of the Tuscaloosa formation of west- 
em Alabama. None of the American speci- 
mens, abundant as they are, show definitely a 
trifoliate character, but this is indicated by the 
relative position of the leaflets in some of the 
specimens figured by HoUick. 

Tliose leaves were segregated from Lirioden^ 
dron by Newberry on the basis of their simple 
nature, emarginate apex, crowded and fine 
venation, and relatively small size, although 
their describer says that they are evidently 
related to Liriodendron. Since 1896 much new 
material has been collected, especially from 
Ijong Island. Holm * in 1890 suggested that 
these leaves were not related to Liriodendron 
but were comparable to those of a number of 
leguminous genera. Somewhat similar leaves 
were described from Bohemia as Myrsinophyl- 
lum varians by.Velenovsky,' and more closely 
allied forms as Bignonia pulcherrima by Bayer,' 
the latter sufficiently well preserved to show 
their trifoliate nature. 

Ward * refers- a species, described by Saporta 
as a species of Chondroph/yton from the Ceno- 
manian of Portugal, to Liriodendropsisy to 
which it is obviously not related, as the writer 
pointed out some years ago.* Recently Hol- 

» Holm. Theodore, U. 8. Nat. Mus. Ppoc., vol. 13, pp. 15-35, 1890; 
Bot. Oaaette, vol. 20, pp. 312-316, 18WJ. 

» Volcnoviky, Josef, Kvfitona 6oak6ho oenomanu, p. 26, pi. 4, figs. 8, 9; 
pi. A, Af . 12; pi. 6, flgs. 10, U, 1889. 

■ Biyer, Edwin, Studlen fan Ooblete der Whmiaohen Kreldeformation; 
Ptnwer Schichton, p. 166, f. I2fta, b, 1901. 

♦ Ward, L. F., U. 8. Oeol. Survey Sixteenth Ann. Rept., pt. 1, p. 640, 
pL 107, figii. 6-8, 1896. 

» Berry, E. W., Torrey Bot. Club BuU., vol. 31, p. 77, 1904. 



lick " has given a r&umfi of the genus together 
with descriptions of new species and a large 
nimiber of illustrations. The probabilities are 
all in favor of their reference to the Legumi- 
nosae, to which family they are referred in the 
present contribution. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County, Ala. 

Collections: U. S. National Museum. 

Liriodendropsis angnstifolia Newbeny. 

Liriodendropns anffusHfolia Newberry, The flora of the 
Amboy clays, p. 84, pi. 63, fig. 8, 1896. 
Smith, On the geology of the coastal plain of Alabama, 

p. 348, 1894. 

Hollick, The Cretaceous flora of southern New York 

and New England, p. 71, pi. 26, figs, la, 2-5, 1906. 

Berry, New Jersey Greol. Survey Bull. 3, p. 160, 1911. 

Liriodendron simplex Newberry, Torrey Bot. Club Bull., 

vol. 14, p. 6, pi. 62, fig. 4, 1887 (part). 

Leaves or leaflets lanceolate to linear- 
lanceolate in outline, relatively long and nar- 
row, with an emarginate, generally angular 
apex and a cimeate base. Size variable, from 
6 to 9 centimeters in length by 1.9 to 3 centi- 
meters in greatest breadth, which is never in 
the upper part of the leaf, the margins as a 
rule being straight and almost parallel from 
the angular apical corners, bowing outward 
slightly in the lower half of the leaf, and curv- 
ing downward to the rather long petiole. Mid- 
rib stout. Secondaries numerous, campto- 
drome. Tertiaries as in the preceding species. 

It may be doubted if this species is anything 
more than a variant of the preceding species, 
but as the remains are so abimdant it may 
represent a closely allied, although specifically 
distinct type. Hollick has described two ad- 
ditional species in the abundant material of 
this general type contained in the insular 
Cretaceous flora, namely, Liriodendropsis con- 
stricta and L, spectdbilis. He makes L, spec- 
tabilis one extreme of a series of which L. 
angustifolia Newberry is the other. The rela- 
tions are obviously as pointed out, but it seems 
questionable, in view of the individual varia- 
tion even of these s^regates, whether it 
would not have been better to have considered 
all these forms as variations of a single species. 

The present form is abundant in the middle 
part of the Raritan formation at Woodbridge, 
N. J., and also on Marthas Vineyard and at 

* HoUkk, Arthur, The Cretaceous flora of southern New York and 
New England: U. 8. Oeol. Survey Mon. 60, pp. m-lZ, 1907. 
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Glen Cove, Long Island. It was recognized 
by Ward from the Tuscaloosa formation of 
Alabama and recorded by Smith, as cited in 
the synonymy, a nmnber of years ago. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen AUen, Fayette County, Ala. 

Collections: U. S. National Museimi. 

Liriodendropsls constrieta (Ward) HoUick. 

Liriodendropns simplex constrieta Ward, U. S. Geol. Survey 

Sixteenth Ann. Rept., pt. 1, p. 540, pi. 107, fig. 8, 

1896. 
Liriodendropsis eomtricta (Ward) Hollick, The Cretaceous 

flora of southern New York and New England, p. 

71, pi. 22, fig. 7; pi. 26, figs. 6-15; pi. 40, fig. 15, 1906. 
Liriodendropsis simplex (Newberry) Newberry. Hollick, 

New York Acad. Sd. Trans., vol. 12, p. 235, pi. 7, 

^, 3, 1893. 

Leaves ovate in general outline, with a 
rounded, ultimately cuneate base; constricted 
abruptly on each side, the apical portion nar- 
rowed and straight sided with an emarginate 
apex. Length ranges from 4 to 9 centimeters. 
Maximum width, in the basal part, ranges 
from 2 to 4 centimeters. Secondary and ter- 
tiary venation indistinguishable from that of 
Liriodendropsis simplex or L, angustifolia, of one 
or the other of which it is probably a variant 
and not a distinct species. 

Forms which answer to the foregoing diag- 
nosis are recorded from Marthas Vineyard, 
Mass., and Glen Cove, Long Island, where they 
are associated with large numbers of leaflets 
of Liriodendropsis simplex and L, angustifolia, 
A single leaflet is likewise associated with these 
two species in Alabama, which fact lends em- 
phasis to its doubtful specific rank. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

IiBOUMINOSAB (position uncertain). 

Oenns LSOUMINOSiTKS BowerlMnk. 

Legmninosltes Ingaefolia Berry, n. sp. 

Plate XXIII, figure 5. 

Leaflets of small size, elliptical-lanceolate 
and slightly inequilateral in general outline, 
with a rounded apex and base, the apex 
mucronate and the base correspondingly de- 
current. Length about 2.75 centimeters. 



Maximum width, in the lower half of the 
leaflet, 6 millimeters to 1.2 centimeters. Mar- 
gins entire. Texture subcoriaceous. Petiolule 
stout,^ curved, about 5 millimeters in length. 
Midrib stout, flexuous. Secondaries four to 
six, irregularly spaced, camptodrome pairs, 
those in the proximal half of the lamina fewer 
and more ascending than those in the distal 
half, particularly the lowest secondary. Terti- 
aries mostly immersed. 

This small-leafed species, which is obviously 
new, is clearly allied to the Leguminosae and is 
much like some of the Tertiary and existing 
species of Inga, of which a large-leafed species, 
Inga cretacea Lesquereux, occurs in the Tusca- 
loosa formation, and several species not unlike 
the present one occur in the Eocene of the 
Mississippi embayment area. 

Occurrence: Tuscaloosa formation, Glen 
Allen and Shirleys Mill, Fayette Coimty, Ala. 

Collections: U. S. National MuseunL 

Lc^nuninosites omphalobioides Leaqnerenx. 

Leguminosites omphalobioides Lesquereux, The flora of the 

Dakota group, pi. 38, ^. 4, 1892. 
Newberry, The flora of the Am boy clays, p. 97, pi. 42, 

fig. 39, 1896. 
Berry, Torrey Bot. Club Bull., vol. 37, p. 24, 1910; 

New Jersey Geol. Survey Bull. 3, p. 155, 1911. 

Leaflets elliptical in outline, 3.2 to 4 centi- 
meters in length by 1.5 to 1.7 centimeters in 
greatest width, which is about halfway between 
the apex and the base, Texture subcoriaceous. 
Apex rather broadly rounded. Base slightly 
narrowed and decurrent to the point of attach- 
ment. Lesquereux speaks of a short petiole, 
but this is lacking in his type figure and in all 
the specimens examined by the writer. The 
midrib is not especially wide but is quite promi- 
nent. The secondaries are thin and alternate; 
they number about six pairs and branch from 
the midrib at angles of 50^ or somewhat less, 
curving upward close to the margins, campto- 
drome. 

This species was described originally from the 
Dakota sandstone of Kansas. The Tuscaloosa 
leaf is very close to the type, diflfering merely in 
that the outUne is more nearly elliptical than it 
is in the western form. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 
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l««|ttmlno»l(cii Bhlrleyensls Berry, n. sp. 

Plate XXIII, figure 4. 

l>iospyroa rotundifolia Lesquereux, The flora of the Dakota 
group, pi. 17, fig. 11 (not figs. 8-10), 1892. 

Leaflets of small size, orbicular or elliptical in 
general outline, with a rounded or slightly 
retuse apex. Base rounded, slightly inequi- 
lateral, abruptly decurrent to form linear wings 
along the lateral margins of the petiolule. 
Length about 1.75 centimeters. Maximum 
width, in the middle part of the leaflet, about 
1.1 centimeters. Margins entire, sUghtly irreg- 
ular. Petiolule stout, alate, about 3 miUi- 
meters long. Midrib stout proximad, becom- 
ing attenuated in a short distance distad. 
Secondaries thin, irregularly spaced, about six 
camptodrome pairs. 

This small leaflet appears to be related to the 
Leguminosae, although it is similar to the leaves 
of a number of unrelated genera, as for example, 
CelastrophyUum, Bumelia, Vacdniunij and vari- 
ous Rhamnaceae. It is believed to represent 
an Upper Cretaceous species of the Legumi- 
nosae or possibly of the Rhamnaceae. The 
small leaf from the Dajcota sandstone which 
Lesquereux referred to Diospyros rotundifolia 
is obviously identical with this species from 
Alabama and is quite unlike the usual forms of 
Diospyros rotundifolia. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Legmniiiosites tnscalooseiisls Berry, n. sp. 

Plate XXIII, figure 6. 

Leaflets of medium size, sessile, ovate- 
lanceolate and markedly inequilateral in gen- 
eral outline, with a cuneately pointed apex 
and a decurrent base. Length about 3 to 5 
centimeters. Maximum width, about midway 
between the apex and the base, 1.5 to 2.5 
centimeters, one side commonly about twice 
the width of the other. Petiolule wanting. 
Midrib thm and curved, stout at base. Sec- 
ondaries thin, nmnerous, subparaUel, diverg- 
ing from the midrib at acute angles and camp- 
todrome, more or less unmersed in the leaf 
substance. Tertiaries obsolete. Margins en- 
tu'o. Texture subcoriaceous. 

These more or less falcate leaflets are unlike 
previously described forms and appear to be 



referable to the Leguminosae, resembling a 
variety of recent forms in each of the famihes 
into which the old family has been segr^ated 
in recent years. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

Older GSBANIALES. 

Family BTJTACBAE. 

OeiiiiB CITBOPHTIiLTJlI Bexiy. 

CitrophyOnin aligemm Qjosquereiiz) Beny. 

Fieus aligera Lesquereux, The flora of the Dakota group, 

p. 84, pi. 10, figs. 3-6, 1892. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 172, 1906; 

New Jersey Geol. Survey Ann. Rept. for 1905, 

p. 139, 1906. 
Citrophyllum aligerum (Lesquereux) Berry, Torrey Bot. 

Club Bujl., vol. 36, p. 258, pi. 18a, figs. 1-8, 1909; 

New Jersey Geol. Survey Bull. 3, p. 169, pi. 21, 

figs. 1-8, 1911. 

Leaves small, elliptical to ovate or ovate- 
lanceolate in outline, coriaceous, ranging from 
2.5 to 6 centimeters in length by 1.8 to 3.2 
centimeters in width. Margins entire, in 
some specimens slightly undulate. Apex 
roimded or obtusely acuminate. Base 
roimded, subtruncate or cuneate. Petiole 
stout, 0.7 centimeter to 2 centimeters in 
length, conspicuously alate. The petiolar 
wings may be oblong-lanceolate or obovate; 
together they are from 2.5 to 5 millimeters in 
width, averaging about 3.5 millimeters. Mid- 
rib stout. Secondaries fine, more or less ob- 
scured by the coriaceous leaf-substance, about 
9 alternate pairs, branching from the midrib 
at angles of 45** to 50*^, parallel, camptodrome. 

These curious leaves were described by 
Lesquereux from the Dakota sandstone as a 
species of Ficas and compared with Ficus 
bumelioides Ettingshausen and Ficus mudgei 
Lesquereux, neither of which has alate pe- 
tioles, and the first has an emarginate apex. 
Subsequently the same leaves were found in 
the Magothy formation of New Jersey and 
only recently a single small leaf was found in 
the upper beds of the Raritan formation of 
South Amboy, N. J. They have also been 
recognized in the Black Creek formation of 
North CaroHna and in the Middendorf arkose 
member of the Black Creek formation of 
South Carolina. They exhibit considerable 
variabiUty in outline, but all have exactly the 
' same aspect and conspicuous alate petioles. 
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They appear to be related to the leaves of the 
modem genus Citrus^ which have exactly the 
same texture and venation, the same variability 
in outline and marginal imdulations, the same 
stout midrib and conspicuously alate petioles. 
In examining a suite of specimens of leaves of 
Citrus and comparing them with the fossils, 
the conclusion seems irresistible that they are 
related, and the writer has consequently re- 
ferred the fossils to a new genus with a name 
that emphasizes this relationship to the 
modem genus 

Possible argimients against the present view 
may be based on the theory that the modern 
alate petioles are derived from ancestors with 
compound leaves; in fact, some modern species 
still have trifoliate leaves, and if this were tme 
of the fossils as well it would require consider- 
able rapidity of evolution in this genus previous 
to the middle Cretaceous. The modem leaves 
absciss from the top of the petiole and would be 
unlikely to occur as fossils with the petiole 
attached, neither can any indication of such an 
abscission line be made out in the fossils. This 
argument is difficult to combat. However, 
modern leaves are sometimes shed in their en- 
tirety, and we are justified in predicating the 
occasional fall of leaves before maturity, when 
the abscission layer of cells has not yet become 
weakened. The agency might be violent 
winds, the passage of large animals like some 
of the Cretaceous dinosaurs, or weakened con- 
ditions due to insect or fungous diseases. 

The Tuscaloosa forms are of the elliptical 
type occurring in the Karitan formation of 
New Jersey and in the Dakota sandstone of the 
West. Some of the western leaves are more 
elongated, as are those collected from the 
Magothy and Black Creek formations and the 
Middendorf member. It is possible that two 
species are represented, but if so, diflFerential 
specific characters are not obvious. The genus 
is represented by well-marked species in the 
undescribed collections from the lower Eocene 
(Wilcox group) and middle Eocene (Claiborne 
group) of the Alississippi embayment area. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County; Shirleys Mill, Fayette 
County, Ala. 

Collection: U. S. National Museum. 



Family BUPHOBBIAGEAE. 
Oenus CBOTONOPHTLLUM Velenovsky. 

CrotonophyUnm pandaraeformis Berry. 

Crotonophyllum panduraeformis Berry, U. S. Geol. Survey 
Prof. Paper 84, p. 48, pi. 7, figa. 5-10, 1914. 

Leaves of variable size and irregular panduri- 
form outline, about 8 to 10 centimeters in 
length by 3 to 4 centimeters in greatest width, 
which is in the basal half of the leaf. General 
outline ovate, separated by a sharp lateral 
sinus on each side into a broad basal portion 
with full rounded margins, and an upper nar- 
rower portion which is more or less roimded or 
elongated. In some specimens the sinus is 
wanting on one side, and it may be wanting on 
both sides and the leaf be ovate-lanceolate in 
outline if the habit of the Bohemian species is 
any criterion. Tip bluntly pointed, dependent 
on the width of the apical segment. Base 
slightly decurrent to the stout petiole, which is 
of considerable length. Texture coriaceous. 
Midrib stout. Secondaries numerous, rather 
stout, branching from the midrib at angles of 
about 45°, parallel, camptodrome below and in 
some specimens also in the apical portion of 
the leaf; in these specimens they pursue an up- 
wardly curved course. In other specimens they 
are straight in the apical half of the leaf, and 
their ends are connected by a nearly straight 
marginal vein, which is the continuation of 
some lower secondary; in fact the regularly 
camptodrome lower secondaries are parallel 
with the margin before they finally inosculate. 

These curious leaves are not uncommon. in 
the Middendorf arkose member of the Black 
Creek formation of the South Carolina Creta- 
ceous, although they are generally incomplete. 
They are wholly unlike any American Creta- 
ceous leaves, although they suggest the leaf de- 
scribed from the Upper Cretaceous of Van- 
couver Island by Dawson as Liriodendron 
succedens} That leaf is hardly a Liriodendron, 
but Dawson's figures are all inaccurate, and as 
the writer has not seen the-original material, no 
conclusion on this point is legitimate. The 
genus CrotonophyUum was proposed by Vele- 
novsky for leaves from the Cenomanian of 

1 Dawson, J. W., Roy. Soc. Canada Trans., vol. 11, see. 4, p. 62, pi. 8, 
fig. 6, 1863. 
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Vyserovic, Bohemia, which are very similar to 
the present species. A single species, Orotono' 
phyUum cretaceum, ' was described and com- 
pared with the existing species of Croton, but 
aa the discussion ia in Bohemian it can not be 
followed without a translation. The illustra- 
tions are, however, ample and depict a leaf 
which is surely congeneric with the American 
species. The genus ia also represented by un- 
described forms from the lower Eocene (Wilcox 
group) of the Mississippi embayment area. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayett© Co^mty, Ala. 

Collection; U. S. National Musemn, 

Oenns HANIHOTmS Beny. 
Manihotites geor^Mia Beny. 

ManihotiUt georgiana Berry, Torrey Bot. Club Bull., vol. 
37, p. 507, figa. I, 2, 1910; U. S. Geol. Survey Prof. 
Paper 84, p. 114, pis. 22, 23, 24, GgB. 4, 5; text flgB. 
2, 3, 1914; Torrey Bot. Club Bull., vol. 43. p. 295, 
1916. 
This remarkable form was recently described 
by me in the papers cited above, and the dis- 
cussion need not be repeated here. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga.; 
(Coffee sand member). Coffee Bluff, Hardin 
County, Tenn, Ripley formation (Cusseta 
sand member), near Buena Vista, Marion 
County,Ga.; (McNairy sand member), 2i miles 
southwest of Selmer, McNairy County, Tenn. 
Collections: U. S. National Museum. 

Older SAPINDALIS. 
Itenily nJCACEAS. 
Ocnni ILSZ LinnC. 



Ilex Tiiatoni Lesquereux, The flais of tbe DskoU group, 
p. 179, pi. 7, fig. 6; pi. 63, fig. 6, 1892. 

The original description of this species by 
T*snuereux, which was published in 1892, is as 
vs: 

\ BubcOTUceouB, linear-oblong, digbtly enlarged Id 
irer part, cuneifonn to the base, apparently obtuee 
broken) Tepand-denlate on the borders; primary 
comparatively thick; eecondariee open, arched in 
^ toward the bordera. camptodrome, anaetomoeing 
ad, angular curves at a distance from the borders 
ich they are joined by branches at right angles to 
rves- 



Dovsky, Jnef , Kvtlana eatOui 



p.»,pl. I.aga. »-ll. 



The first leaf ia about 12 ceDtimet«iB long, 4.5 centi- 
meters broad below tbe middle, where it is sli^tly en- 
Urged, is marked by a few obtuse teetb. the upper part 
being entire or eli^tly undulale. Tbe lower pftir of 
secondaries ore tbin, at a more acute angle of divergence, 
50°, inequidistanl, parallel, somewbat etrong, distinctly 
camptodrome, the upper pair appearing more curved in 
ascending toward the apex. The bowa formed by angular 
anastomosis of the secondariee at a ehort distance from the 
bordeiB are linked to them by short nervilles at right 
angles. The surface is smooth, nearly polished, indis- 
tinctly marked by transverse nervilles. The other frag- 
ment indicates a leaf scarcely broader but much longer, 
broken at both ends, and cut in deeper, large teeth. 

Theee leaves resemble those of Ilex borealit Heer ' but 
are larger, also Ilex Umgi/olia Heer,* the borders of which 
are also minutely dentate, etc. 

Whatever may be thought of the botanic 
affinity of this relatively laige-leafed species as 
determined by Lesquereux, it ia certainly not 
imcommon in the lower part of the Tuscaloosa 
formation, although the material is for the 
most part rather fragmentary. 

Occurrence: Tuscaloosa formation, Glen Al- 
len, Fayette County; Cottondale, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museum. 

Tunllr CBLASTBACXAX. 
Oeniu CXL&STXOPHTLLnH Goeppert 
CdastrDphfUnm decmrens Lesqnerenx. 

CtlattTophyUum decurrmi Leequereux, Tbe flora of the 

Dakota group, p. 172, pi. 36, fig. 1, 1892. 
Berry, New Jersey Gool. Survey Bull. 3, p. 170, pi. 22, 
fig. 8, 13U. 
CtUutrophylhtm anguttifoliian Newberry, The flora of the 
Amboy clays, p. 100, pi. 14. figs. 8-17, 1896. 

Leaves of variable size, lanceolate in general 
outline. Length ranging from 5 to 15 centi- 
meters. Maximum width, in the middle part 
of the leaf, rangingfrom 1.5 to 4 centimeters. 
Apex usually acuminate, rarely subacute. 
Base narrowed and decurrent. Mai^ins entire 
near the base, above this they are serrulate or 
finely crenate-dentate. Petiole stout, curved. 
Midrib stout, usually curved or flexuous. 
Secondaries thin, numerous, usually about 2 
millimeters apart, subparatlel, diverging from 
the midrib at angles of 40° to 45°, finally 
branching and forming an intricate network 
along the mai^;in, the ultimate branches rutt> 
ning directly to the mai^in. Texture sub- 
coriaceous. 
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This species was based on a single specimen 
from the Dakota sandstone of Kansas. It is 
common from the base to the top of the Raritan 
formation in New Jersey. Only one specimen 
has been foimd in the Tuscaloosa formation. 
It is very similar to Myrica fragUiformis 
(Zenker) Engelhardt,^ a species described from 
the Cenomanian of Saxony' and recorded 
imder the name Myrica zenkeri Heer from the 
Atane beds of Greenland' and the Magothy 
formation at Glen Cove, Long Island.* The 
form from Long Island is an extremely ques- 
tionable identification. 

Occurrence: Tuscaloosa formation, Shirleys 
MiD, Fayette County, Ala. 

Collection : U. S. National Museum. 

CelastrophyUnm shirleyensis Berry, n. sp. 

Plate XXIV, figures 3, 8. 

Leaves of medium to smaU size, elongate- 
eUiptical in general outline, with a somewhat 
narrowed, rounded tip, and a broadly rounded 
base. Length about 5.25 centimeters. Maxi- 
mum width, in the lower part of the leaf, about 
1.7 centimeters. Margins irregularly dentate, 
the teeth directed laterally. Texture sub- 
coriaceous. Petiole not preserved, evidently 
stout. Midrib stout, ciuved, prominent. 
Secondaries stout, about 11 opposite to alter- 
nate pairs, variably spaced, diverging from 
the midrib at wide angles of 55® to 70® ; 
the basal pairs craspedodrome; the distal pairs 
regularly camptodrome; the median pairs fork- 
ing and anastomosing and sending branches to 
the margins. 

The present species is similar to Cdastro- 
phyUum brittonianum HoUick but differs in 
being widest below instead of above the middle, 
in having the marginal teeth larger and crenate 
instead of denticidate^ and in the less numerous 
and earlier forked secondaries. It also re- 
sembles somewhat the Patapsco species Cdas- 
trophyUum acvtidens Fontaine, which is, how- 
ever, a coarser leaf with very large irregular 
teeth and more ovate form. It is also much 

1 Engelhardt, Hermann, Naturwtos. Q«flell. Isis in Dresden Abh. 7, 
Jahrg. 1801, p. 03, 1802. 

* Ettingstaaiisen,C. von, Die KreideflorayonNiedersohoenainSacbsen, 
p. 23, pi. 3, figs. 1, 3, 10, 11, 1867. 

> Heer, Oswald, Flora fossilis aretica, vol. 8, Abt. 2, p. 108, pi. 31, fig. 2, 
1874. 

« HoUick, Arthur, U. 8. Geol. Survey Hon. 50, p. 54, pi. 7, fig. 23, 1907. 



like CdastrophyUum albaedomua Ward,* a 
Patapsco species with which I at one time con- 
fused it. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Celastrophylliim undulatom Newberry. 

Celastrophyllum undulatum Newberry, The flora of the 
Amboy clays, p. 102, pi. 38, figs. 1-3, 1896. 

Smith, On the geology of the Coastal Plain of Alabama, 
p. 348, 1894 (oomen nudum). 

Berry, New Jersey Geol. Survey Bull. 3, p. 175, J911. 

Leaves of large size, 10 to 15 centimeters in 
length by 4 to 8 centimeters in breadth, ovate- 
oblong or ovate in outUne, with an obtuse or 
bluntly pointed apex and somewhat narrowed 
base. Margin strongly undiilate or broadly 
and coarsely crenate, somewhat variable in the 
character of its teeth. Midrib stout. Second- 
aries numerous, a dozen or more subopposite 
pairs, which branch from the midrib at a wide 
angle and fork near the margins to form fes- 
toons, which coincide approximately with the 
marginal teeth. 

This very large species resembles the larger 
leaves that are referred to Celastrophyllum 
crenatum Heer but is much larger and more 
elongate in outline. Its size has apparently 
rendered perfect specimens rare, and as a rule 
the remains that are obtained are fragmentary. 
Velenovsky hints at its identity with the leaves 
named by him Myrica zenkeri from the Bohe- 
mian Cretaceous, although this resemblance is 
obviously slight, the present species more 
nearly resembling the Bohemian leaves which 
this author identifies as a species of Temstroe- 
inia, as well as various lower Eocene species of 
Temstroemites of the Mississippi embayment 
area. 

It was described originally from the Raritan 
formation of New Jersey and is represented by 
considerable fragmentary material in the lower 
beds of the Tuscaloosa formation. Large leaves 
of this species occur in the Black Creek forma- 
tion of North Carolina. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

» Ward, L. F., Status of the Meaotolc flora ofthe United States: U. S. 
Qeol. Survey Mon. 48, p. 4S9 (footnote), pi. 108, Ag. 3, 1906. 
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CeUstrophyDuin newberryannm HoUkk. 

Celoitrophyllum newberryanum Hollick, in Newberry. The 

flora of the Amboy clays, p. 101, pi, 49, figs. 1-27, 

1896; New York Acad. Sci. Trans., vol. 16. p. 133, 

pi. 14, fig. 1, 1807. 

Knowlton. in Whiteand Schuchert, Geol. Soc. America 

Bull., vol. 9, p. 353, 1898. 
Berry, New York Bot. Garden Bull., vol. 3. p. 86, 
19a'^; Torrey Bot. Club Bull., vol. 31, p. 78, 1904; 
Now Jersey Geol. Sur\'ey Bull. 3, p. 174, pi. 22, figs. 
5-7, 1911. 

Leaves of medium size, 2.5 to 6 centimeters 
in length by 1 to 2.5 centimeters in maximum 
width, ranging in outline from narrowly to 
broadly ovate or obovate. Apex somewhat 
roimdod, although it may be acute or apiculate 
in the narrower form. Base somewhat cuneate 
and slightly decurrent. Margins entire in the 
basal third of the leaf, in some specimens so 
throughout, elsewhere with mostly small, 
closely set, appressed denticles. Midrib rather 
stout. Secondaries five or six pairs, branching 
from the midrib at angles of about 45°, curved, 
camptodrome. 

In size, outline, and venation this species, 
which is exceedingly abundant, is very close to 
modem members of the family Celastraceae 
and may be compared with our existing Celas- 
tru8 scandens Linn6, which it closely resembles. 

It is probably present in the Atane beds of 
Greenland in some of the leaves which Heer in- 
cludes under his CelastrophyUnm crenainniy and 
it has been reported by Hollick from the Ma- 
go thy formation at Cliff wood Bluff, N. J., where 
it is apparently rare. It would seem as if such 
an abundant element in the late Raritan, which 
reappears in the Tuscaloosa formation of Ala- 
bama, would be present in allied floras at inter- 
mediate points, but as yet its presence has not 
been detected. 

Forms from the Bohemian Cretaceous that 
are practically identical with the smaller and 
more pointed leaves of this species are referred 
by Velenovsky to the genus PhiUi/rea of the 
Oleaceae, and compared with the living PJiilr 
lyrea latifolia Linn6 of southern Europe. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museum. 



» Velenovsky, Josef, Die Flora der bfihmischen KreldefonnaUon, 
Pt. 1, p. 7, pi. 4, figs. 2-6, 1885. 



CelastrophTlhiiii tfrandifolhiiii Newberry. 

Plate XXIV, figure 6. 

CeUutrophyllum grandi/oKum Newberry, The flora of the 

Amboy clays, p. 104, pi. 19, fig. 8; pi. 21, figs. 1- 

4, 1896. 
Hollick, The CretaceouB flora of southern New York 

and New England, p. 88, pi. 33, ^g. 8, 1906. 
Berry, New Jersey Geol. Survey Bull. 3, p. 179, pi. 

23, fig. 1, 1911. 

Leaves large, 10 to 25 centimeters in length 
by 3.5 to 7 centimeters in maximum width, 
ovate-lanceolate in outline. Apex rounded or 
subacute. Base varying from rounded to 
cuneate. Margins entire below, above some- 
what irregularly undulate or closely serrate, or 
with coarse rounded teeth. Petiole long (max- 
imum length 4.5 centimeters), very stout. 
Midrib stout. Secondaries numerous and slen- 
der for such large leaves, 1 2 to 15 pairs, branch- 
ing from the midrib at angles of 45° or slightly 
more, somewhat flexuous and irregular in their 
course, camptodrome. Tertiaries generally 
transverse, forming a coarsely quadrangular 
areolation. 

This species is quite variable not only in 
size but especially in marginal characters, 
which show every gradation from nearly entire 
forms to closely serrate forms. This variation 
is more or less characteristic of all the species of 
this genus. This species, however, is very dis- 
tinct, its nearest ally apparently being Celas- 
trophyUum lanceolatum, which is described by 
Ettingshausen from the Cretaceous of Saxony,' 
and which Heer apparently recognized in his 
material from Greenland.' 

This species is very common in the Raritan 
formation of Now Jersey but is sparingly repre- 
sented in the Tuscaloosa collections. None of 
the very large forms have been discovered at 
Shirleys Mill, and at first sight the two appear 
to be entirely distinct. However, the Raritan 
form shows a series of gradations, and the 
smaller leaves are identical with the figured 
specimen from the Tuscaloosa. Fragments of 
large leaves of this species are found at the 
Cottondale locahty. 

> Ettingshausen, C. Ton, Die Kreideflora von Niederscboena in Sacb- 
sen, p. 260, pi. 3, fig. 9, 1867. 

• Heer, Oswald, Flora fossUis arctica, vol. 7, p. 40, pi. 54, fig. 9a; pi. S5, 
figs. 7, 8, 1883. 
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This and other Cretaceous species commonly 
referred to CelastrophyUum greatly resemble 
the leaves of various modem tropical species 
of the family Ternstroemiaceae (Theaceae) 
and it is quite possible that they may represent 
ancestral types of this family. This relation- 
ship is further indicated by the presence of 
types belonging to this family in the Wilcox 
and Claiborne groups of the Eocene of the 
ombayment area, which I have described as 
species of Temstroemites. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Cottondale, Tuscaloosa 
County, Ala. 

Collections: U. S. National Museum. 

Celastrophylliim caroUnensis Berry. 

Plate XXIV, figures 6, 7. 

CelastrophyUum carolinentia Berry, U. S. Geol. Survey 
Prof. Paper 84, p. 51, pi. 13, figs. 1-5, 1914. 

Leaves lanceolate in outline, with a pointed 
apex and a cuneate base, maximum dimensions 
about 14 centimeters in length by 2.9 centi- 
meters in width, which is about midwav 
between the apex and the base, tapering 
equally in both directions. Midrib stout, 
rather flexuous. Secondaries numerous, thin, 
branching from the midrib at acute angles of 
45° or less, curving upward, usually campto- 
drome, some of them craspedodrome in the 
upper part of the leaf; sending tertiary branches 
into the marginal teeth. Margins entire for a 
short distance at the base, above which thev 
are crenate or biconvex, the teeth large, inter- 
spersed with smaller subordinate teeth of the 
same character. Leaf substance thin. 

This striking form is rather common at a 
single locality in the Middendorf arkose mem- 
ber of the Black Creek formation of South 
Carolina, but the leaves are always much 
broken, although fragments of all parts of the 
leaf are present. The Alabama material is also 
badly macerated. 

This species has been compared with a very 
large amount of material of existing species in 
the National Herbarium and in that of the New 
York Botanical Garden. It shows analogies 
with a variety of existing genera, as, for ex- 
ample, Cunonia, Clerodendron, SymplocoSj Tern- 
stromia, and Panaxy but is believed to find its 
nearest relatives among the Celastraceae, al- 
though the possibility of this species as well as 
CelastrophyUum grandifolium Newberry being 



referable to the familv Ternstroemiaceae should 
not be overlooked. It is not close to any de- 
scribed fossil species, although there is a general 
resemblance to a number of the American Cre- 
taceous species of CelastrophyUum, There is 
also a general resemblance to GreviUeophyUum 
constans * and Aralia coriaceaj^ both Cenoma- 
nian species described by Velenovsky from Bo- 
hemia. Leaves of this sort have also been 
referred to Dryandroides (cf. D. quercinea 
Velenovsky), Myrica (cf. M. serrata Velenov- 
sky), Quercus, and Fraxinus. 

Occurrence : Tuscaloosa formation, upper ra- 
vine and big gully on the Snow place, Tusca- 
loosa County, Ala. 

CoUections: U. S. National Museum. 

Celastrophylhim craiatiim Heer. 

CelastrophyUum crenatum Heer, Flora fossilis aretica, 
vol. 7, p. 41, pi. 62, fig. 2, 1885. 

Smith, On the geology of the Coastal Plain of Ala- 
bama, p. 348, 1894. 

Newberry, The flora of the Amboy clays, p. 99, 
pi. 68, figs. 1-19, 1896. 

Berry, Torrey Bot. Club Bull., vol. 34, p. 197, pi. 13, 
fig. 5, 1907; New Jersey Geol. Survey Bull. 3, 
p. 178, pi. 22, hg, 9; pi. 23, fig, 2, 1911. 

Leaves very variable in size, 2 to 8 centi- 
meters in length by 1 to 5 centimeters in width, 
ovate or elliptical in outline, broadly rounded 
above, narrowed and generally inequilateral 
below. Margins entire below, coarsely toothed 
above, with somewhat variable, rounded, 
crenate, or crenate-dentate teeth. A few 
specimens are entire throughout and some have 
a markedly inequilateral base. Midrib rather 
stout. Secondaries numerous, nine or ten 
pairs, subopposite, branching from the midrib 
at angles somewhat in excess of 45^, slightly 
curved upward and parallel, branching near 
the margin to form festoons from which 
branches enter the marginal teeth. 

This species was described originally by 
Heer from the Patoot beds of Greenland, but 
unfortunately only a single small leaf was 
figured. The Raritan leaves that have been 
identified as CelastrophyUum crenatum are 
abundant and grade into much larger forms, 
which are also present in the Black Creek 
formation of North Carolina and the Tuscaloosa 
formation of Alabama. 

1 Velenovsky, Josef, Die Flora der bdhmischen Krcideformation, pt. 
2, p. 3, pi. 1, figs. 6-10, 1883. 
« Idem, pt. 3, p. 11, pi. 1, figs. 1-9; pi. 2, flg . 2, 1884. 
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The species is rare in South Carolina, frag- 
mentary specimens being sparsely represented 
in the Middendorf arkose member of the Black 
Creek formation. The genus is characteristic 
of the late Jjower and the Upper Cretaceous 
of eastern North America. 

Occurrence: Tuscaloosa formation, Cotton- 
dale and big gully on the Snow place, Tusca- 
loosa County, Ala. 

CoDections: U. S. National Museum. 

Cdastrophylhim crenatum ellipticiun Berry, n. var. 

Plate XXIV, figures 1,2. 

Leaves of small to medium size, eUiptical to 
orbicular in outline, ranging from 2.2 to 5 centi- 
meters in length by 1.5 to 4.5 centimeters in 
maximum width, which is midway between 
the apex and the base. Apex bioadly and 
evenly rounded. Base equally rounded, nat- 
rowly and inconspicuously decurrent. Margins 
entire for a short distance at the base, passing 
gradually into large crenate and biconvex teeth 
which are typically those of CelastrophyUum 
crenatum Heer. Petiole stout, curved, 1 to 1.5 
centimeters in length. Midrib of medium 
size. Secondaries thin, few in number, about 
five pairs, branching from the midrib at angles 
of 45° or more, camptodrome. 

The present well-marked variety differs from 
the type in its orbicular or elliptical instead of 
obovate outline, in its fewer secondaries, longer 
petiole, and in the nearer approach to the base 
of the marginal teeth. The younger leaves 
are elliptical, but the older ones, which are 
slightly smaller than the average for the type, 
are nearly orbicular. 

Occurrence: Tuscaloosa formation, Shirleys 
MJl, Fayette Coimty, Ala. 

Collections: U. S. National Museum. 

CelMtrophyflmn alabamensls Berry, n. sp. 
Plate XXIV, figures 10-12. 

Leaves of small to medium size, elliptical in 
general outline, showing a tendency in the 
larger specimens toward a somewhat trilobate 
form. Length ranges from 1.75 to 10 centi- 
meters. Maximum width, which is in the basal 
half of the leaf, ranges from 1 to 9 centimeters. 
Margin somewhat irregularly crenate, with 
large and small teeth, some of which are den- 
tat<^, though the larger ones are broad scallops, 
extutily similar to the marginal characters so 
well shown in CelastrophyUum crenatum Heer. 



Petiole of medium length, 4 millimeters in the 
smallest specimen figured, 2 centimeters in 
larger specimens, rather, stout and curved. 
Midrib relatively stout. Secondaries stout, 
about six pairs, branching from the midrib at 
angles of about 45®, craspedodrome, sending 
oflf curved craspedodrome tertiaries to the sub- 
ordinate teeth, especially laterally from the 
lowest pair. 

This species is exceedingly variable in size 
and appearance, ranging from small elliptical 
leaves similar to those of CdastrophyVnim cre- 
natum eUipticum Berry to lai^e forms, some- 
what triangular in outline, almost trilobate, 
with toothed lobules at the apex of each second- 
ary, suggestive of Betula nigra Linn6 or Cra- 
taegus coccinea Linn6. It is, as a whole, en- 
tirely distinct from the rather numerous forms 
of CelastrophyUum that are present in the Tus- 
caloosa formation of Alabama or in homotaxial 
deposits in the Upper Cretaceous of the At- 
lantic Coastal Plain, where this genus is so well 
represented. 

This species is only known from the single 
locality cited, where it is exceedingly abimdant 
in all sizes and is the only recognizable form 
in the collection. 

Occurrence: Tuscaloosa formation, 4 miles 
east of Centerville on Centerville-Randolph 
road, Bibb Coimty, Ala. 

Collections: U. S. National Museum. 

CdastrophyUum brittonianimi HoUick. 
Plate XXIV, figure 4. 

CelastrophyUum hrittonianum ITollick, in Newberry, The 
flora of the Amboy claya, p. 105, pi. 42, figs. 37, 38, 
46, 47, 1896. 
Ward, U. S. Geol. Survey Fifteenth Ann. Rept., 
pp. 349, 358, 377, 378, 379, 1895; Status of the Meeo- 
zoic florafi of the United States, p. 492. pi. 107, 
fig. 7, 1905. 
Berry, New Jersey Geol. Survey Bull. 3, p. 180, 1911; 
Maryland Geol. Survey, Lower Cretaceous, p. 479, 
pi. 90, fig. 3, 1911. 

Leaves small, 4 to 5 centimeters in length by 
1.2 to 2.1 centimeters in maximum width, 
ovate-lanceolate or in some specimens some- 
what spatulate in outline. Apex subacute. 
Base somewhat decurrent and straight sided 
(cimeate). Margins entire below, denticulate 
above. Midrib rather stout. Secondaries nu- 
merous, somewhat irregular, branching from the 
midrib at angles of about 45*^, of fine caliber 
but prominent, camptodrome. 
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This species, which was described originally 
from the Raritan formation of New Jersey, is 
clearly distinct from CelastropJiyUum spcUvr- 
latum Newberry, although it stands nearer to 
that form than to any other that is known. It 
seems to be a somewhat older type, for it has 
been recognized in the considerably older 
deposits of the Patapsco formation (Albian) in 
Virginia. It would be interesting to know from 
what horizon or horizons in the Raritan forma- 
tion it had been collected, but Newberry failed 
to indicate the locality in connection with any 
of his several specimens, and it has not been 
collected in that region since his day. 

Though not common in the Tuscaloosa for- 
mation of western Alabama imquestionable 
remains of this species occur in the lower beds, 
and it is one of the very few species which sur- 
vived from the Lower Cretaceous. It resem- 
bles somewhat CelastrophyUum aJbdedomus 
Ward, which is associated with it, but differs in 
the more spatulate outline, the finer denticulate 
teeth, and the more nxmierous, less ascending, 
and less branched secondaries. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections: U. S. National Museimi. 

CelastrophyOiim gymindaefoUum Berry, n. qp. 

Plate XXrV, figure 9. 

Leaves more or less inequilateral, obovate in 
outline, with a broadly roimded, in some speci- 
mens slightly retuse, apex, and a narrowed 
decurrent base. Length 3 to 3.5 centimeters, 
maximum width, at or above the middle, 2 
centimeters, or slightly more. Petiole short 
and stout, curved, 3 to 4 millimeters in length. 
Midrib stout below, becoming thin distad. 
Secondaries very thin, divei^ing at an acute 
angle, forking and arching to form oblanceolate 
meshes, the points of the meshes directed in- 
ward from the margin. Margins entire. Tex- 
ture coriaceous. 

This handsome species is clearly distinct from 
previously described species of Celastrophyl- 
lum, and it is as clearly related to the modem 
Gyminda grisebachii Sargent, which is a small 
tree that ranges from the Florida Keys through 
the West Indies to Trinidad and is found also 
in' southern Mexico and Central America. 
This resemblance is most marked; the leaves of 
the modem species in their short petiole, more 
or less inequilateral blade, decmrent base, and 



broadly roimded apex, as well as in their texture 
and venation, are identical with their Upper 
Cretaceous ancestor. 

In accordance with custom the fossil form is 
referred to CelastropJiyUum, a form genus for 
leaves of this family, and the specific name 
chosen denotes the remarkable resemblance to 
its existing representative, the genus Gyminda. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. (Collected by E. 
W. Berry.) 

Collection: U. S. National Museum. 

CelastrophyUum praecrassipes Berry, n. sp. 

Plate XXIV, figure 13. 

Leaves of small size, orbicular in general out- 
line, with an equally rounded apex and base. 
Diameter about 1.5 centimeters. Margins en- 
tire. Texture subcoriaceous. Petiole missing, 
presumably short and stout. Midrib stout be- 
low, slender distad, flexuous. Secondaries thin, 
three or four, irr^ularly spaced, camptodrome 
pairs. 

The present species is named from its resem- 
blance to the smaller leaves of the Dakota sand- 
stone species, CelastrophyUum crassipes Lesque- 
reux,* and is clearly rrferable to the Celastraceae 
or Rhamnaceae. It is not unlike Celastrophyl- 
lum latifolium Fontaine ' of the Patapsco for- 
mation and is also similar to the more nearly 
contemporaneous CelastrophyUum minus Hol- 
lick' of the Raritan formation. 

Occurrence: Tuscaloosa formation. Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museimi. 

FamUy SAPIKDACEAE. 

Oenus SAPINDT7S Linn^. 
Sapindns variabilis Berry, n. sp. 

Plate XXVII, figures 1-3. 

Leaflets differing greatly in size and outline, 
ranging from small lanceolate forms like the 
smallest specimen figured, which is 5 centime- 
ters in length by 1.2 centimeters in maximum 
width, to forms like the largest specimen fig- 
ured, which is oblong-elliptical in outline and 10 
centimeters in length by 3 centimeters in maxi- 
mimi width. All are inequilateral, the ma- 

1 Lesquereux, Leo, The flora of the Dakota group, p. 174, pi. 57, figs. 6, 
7,1892. 

» See Berry, E. W., ]£aryland Geol. Survey, Lower Cretaoeow , p. 477, 
pi. 90, figs. 6-9, 1911. 

• HolUck, Arthur, in Newberry, J. S., The flora of the Amboy days 
U. S. Oeol. Survey Hon. 26, p. 106, pi. 42, figs. 51, 52, 1896. 
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j,,,UN Mmik^Hllv .o, and many ^^^/f f ^•. ?^^ 
L.X vari^v* f.om an acute point but sbghtly 
r.Lv>:atoa to fornis in which the lamina is 
rthnTptIv ct>utracted to a long, slender acumen. 
r\\i> hHso IH conspicuously decurrent and in- 
tMiuilatoral. Margins entire. Texture cona- 
ctH>U8. Petiolule broad and flat, reaching a 
maximum length of 1.3 centimeters. Midrib 
stout below, becoming thin distad, more or less 
curved. Secondaries numerous, thin, sub- 
paralleJ> diverging from the midrib at angles of 
about 45°, rather straight, ultimately campto- 
drome, largely immersed in the leaf substance. 
Tertiaries obsolete. 

This characteristic species is abundantly 
represented in the collections from Shirleys 
Mill, occurring rather sparingly at Glen Allen. 
Its range of size and variation are well shown in 
the accompanying illustrations. It resembles 
more or less several previously described fossil 
species, as, for example, Sapindua diversifolivs 
Lesquereux* of the Dakota sandstone, which 
has a more prominent venation and which is 
represented in the Magothy formation of New 
Jersey and Long Island by the specimens 
erroneously identified by Hollick ' as Sapindv^ 
apiculairis Yelenoyskyr^ a species which comes 
from the European Cenomanian and which is 
also much like the present species. Both the 
species mentioned are most like the smaller 
leaflets of Sapindus variabilis. A form that 
resembles the larger leaflets is Sapindus caudon 
txis Lesquereux,* which occurs in the basal 
Eocene of Colorado. Among recent species 
there are several tropical American forms that 
have leaflets very close to this fossil form. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County, Ala. 

Collection: U. S. National Museum. 



Sapindus morrisoni Heer (Lesquereux MS.). 

Sapindus morrUoni lleer, Flora fosailis arctica, vol. 6, pt. 
2, p. mj.pl. 40, Hg. l;pl.41,fiK. 3;pl.43, figs, la, b; 
pi. 44, fiRM. 7, 8, 1882; idem, vol. 7, p. 39, pi. 65, 
fig. 5, 1883. 
liW(|uonMix, The Ootat^eoiis awd Tertiary floras, p. 83, 
j)l. in, fig«. 1, 2, 1883; The flora of the Dakota group, 
IV ir>8, pi, \\\ ftp,. 1,2, 1892. 

• I^Mimorc>ux, \ah\, Tho (JoTOof tho Uttkolu gnmp: V , 8. ( inil. Survoy 
Mint. 17, p. I.V*. pj, tn. n^. IH. IHW. 

• llollirk, Arthur, ThoCrctncHHmsflorttofimuthernNrw YtrkandNew 
KiutliiiHl; It. H. ncM»l. Hiirvoy Mon. fiO, p. 01, pi. S^*, ftj!. il, 1907. 

• Volouovsky, JiMof, Dio ju.rn tlrr J>«hmlschvn Krcidefonnatlon, pt. 
»,P », pl.7. n«ii. 1 H, IKM4. 

« U«(iipiMrmix, Uo, The Tcrtlwy now, p. aiW, pi. 4H, flg. 0, 1878. 



Hollick, New York Acad. Sci. Ann., vol. 11, p. 422, 

pi. 36, fig. 4, 1898; The Cretaceous flora of southern 

New York and New England, p. 90, pi. 33, figs. 

16-20, 1906. 
Knowlton, U. 8. Geol. Survey Twenty-firet Ann. 

Rept., pt. 7, p. 317, 1901. 
Berry, N. Y. Bot. Garden Bull., vol. 3, p. 83, pi. 

47, figs. 2, 3, 1903; Torrey Bot. Club Bull., vol. 

31, p. 78, 1904; New Jersey Geol. Survey Ann. 

Rept. for 19a5, pp. 138, 139, 1906. 

Leaflets of variable, generally large size, 
lanceolate and more or less inequilateral in 
outline, with a broadly cuneato or roimded 
base and a pointed tip. Petiolulate. Texture 
subcoriaceous. Margins entire. Midrib stout, 
curved. Secondaries numerous, camptodrome. 

The present species was described originally 
by Heer from West Greenland, to whom it must 
be credited, although it was based on Les- 
quereux 's manuscript which appeared in print 
the following year. It is conmaon in the 
Dakota sandstone of the West and in the 
Magothy formation of the northern Atlantic 
Coastal Plain and occurs in the Woodbine 
sand of the western Gulf area (Texas). 

Occurrence: Tuscaloosa formation, roadside 
southwest of Northport, Tuscaloosa Coimty, 
Ala. 

Collection: U. S. National Museum. 

Order BHAMNALES. 

FamUy BHAMNACEAE. 

Oenus ZIZTPHTJS Iii2m6. 

Zizyphus lamarensis Berry. 

Zizyphui lamarensis Berry, Torrey Bot. Club Bull., vol.' 
39, p. 398, pi. 31, fig. 1, 1912. 

Leaves elliptical in outline, 4.5 to 5 centi- 
meters in length by 3 centimeters in maximimi 
width about midway between the apex and the 
base, sUghtly nearer the base. Apex full and 
rounded, or abruptly and broadly pointed, 
shghtly less full than the base. Margin with 
regular but shallow crenate teeth, becoming 
less prominent toward the base. Midrib slen- 
der but prominent, straight. Lateral prima- 
ries, one on each side, diverging from the mid- 
rib at its extreme base at an acute angle (about 
10®), thin, slightly curved inward above the 
middle, joining a secondary in the apical part 
of the leaf. Two or three alternate thin pairs 
of secondaries from the midrib in the apical 
region, camptodrome. Five or six secondaries 
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from the lateral primaries on the outside, 
curved, camptodrome. The lowest is longest 
and branches at the most acute angle (about 
10*^) and from the extreme base. Each suc- 
cessively higher secondary subtends a slightly 
larger angle and follows a somewhat shorter 
course. Internal tertiaries more or less per- 
current, marginal ones similar to the seconda- 
ries from the primaries in their arrangement 
and course, thin and camptodrome. 

This handsome species of an undoubted 
Zizyphtts was described recently from the 
Woodbine sand of Texas, where it is repre- 
sented by very scanty material. It is entirely 
distinct from any previously described Creta- 
ceous species and is much closer to some of the 
Tertiary and still existing forms. 

ZizypTius has not yet been discovered in the 
European Cretaceous, but it is represented in 
the Western Hemisphere by four or five well- 
marked types. The one nearest to the present 
species is Z. groenlandicus Heer,* which occiurs 
in the Magothy formation on Marthas Vineyard 
and in the Patoot beds of western Greenland. 
It is about the same size but relatively wider 
than the Texas form and has a somewhat 
different venation and much coarser teeth. 
The species from the Magothy of New Jersey, 
Z. cliffwoodensis Berry,' is a larger, lanceolate 
entire-margined form. The two species, Z. 
elegans ' and Z. oblongus,* described by HoUick 
from the Cretaceous of Long Island are much 
smaller, entire-margined forms, and HoUick's 
Z. lewisiana * from the same locality and age 
is a small lanceolate leaf of doubtful affinity. 

The existing species of Zizyphus niunber 
about 40 and are largely indigenous in the 
Indo-Malayan region, although the genus is 
represented in subtropical or tropical America, 
Africa, and Australia. One modern species, 
Zizyphus vulgaris Lamarck, an oriental form, has 
foliage almost identical with Z. lamarensis, the 
outline, margin, and venation being the same. 

Occurrence: Tuscaloosa formation. Glen Al- 
len, Fayette County, Ala. 

Collection: U. S. National Museum. 

> Heer, Oswald, Flora fossilis arctica, vcl. 7, p. 42, pi. 02, Og. 20, 1883. 
« Berry, E. W., Johns Hopkins Univ. Circ, new ser., No. 7, p. 88, flg. 

6, 1907. 

> HolUck, Arthur, Torrey Bot. Club Bull., vol. 21, p. 58, pi. 176, flg.», 
18M. 

* Hollick, Arthur, The Cretaceous flora of southern New York and 
New England: U. S. Oeol. Survey Hon. 50, p. 92, pi. 34, flgs. 9, 10, 
1907. 

» HolUck, Arthur, Torrey Bot. Club Bull,, vol. 21, pi. 180, flg. 13. 1894. 

65628**— 18 8 



Zizyphus Imaiifottiis Beny. 

Zizyphus lauHf alius Berry, XJ. S. Geol. Survey Prof. 
Paper 84, p. 116, pi. 21, fig. 7, 1914. 

This species was recently described by me 
from the eastern Gulf area, in the work cited, 
and the discussion need not be repeated here. 

Occurrence : Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga. 

Collection: U. S. National Museum. 

Qenus PAIJTTBnS Linn^. 
Palinms upatoiensis Berry. 

Paliurus upatoiensis Berry, U. S. Geol. Survey Prof. 
Paper 84, p. 116, pi. 21, figs. 5, 6, 1914. 

This species was recently described by me 
from the eastern Gulf area, in the work cited, 
and the discussion need not be repeated here. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga. 

Collection: U. S. National Museum. 

Gknus EOBHAMNIDniM Berry, n. gen. 

Leaves of small size, elliptical to ovate in 
outline, with entire margins, coriaceous texture, 
short petioles, and pinnate veins; the second- 
aries subparallel, ascending, and camptodrome. 
This genus is erected for a type of leaf that is 
particularly common in the Mississippi embay- 
ment area. It is closely allied to the modern 
genus Rhamnidium Rei-^ and its recent segre- 
gate KrugiodeTidron Urban and is believed to 
stand in an ancestral relationship to the^e 
modern forms. Rhamnidium has four species 
in the BraziUan area and a fifth, Rhamnidium 
ferreum (Vahl) Sargent (Condaiia ferrea Grise- 
bach), in the Florida Keys, the Bahamas, and 
the West Indies, which Urban makes the type 
and only species of Krugiodendron, The latter 
is one of the commonest small trees and is a 
strictly coastal form. 

Eorhamnidium cretaceum Berry, n. sp. 

Plate XXVIII, figure 10. 

• 

Leaves above the average size for the genus, 
3.5 to 4 centimeters in length by 2.8 centi- 
meters in maximum width, which is at a point 
below the middle. General outline ovat^, the 
base broadly rounded or truncate and the 
apex bluntly pointed or slightly emarginate. 
Petiole short and stout. Midrib stout. Sec- 
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ondaries rather stout, about five subopposite 
to alternate pairs, diverging from the midrib 
at angles that range from 28^ to 47°, slightly 
curved imtil they approach the marginal 
region, where they curve upward, subparallel 
with the margin and in a camptodrome man- 
ner. The margins are entire, and the texture 
is coriaceous. 

The present species is clearly rhamnaceous, 
although labeled Populus by Ward. Among 
previously described forms it greatly resembles 
the single small leaf from the Dakota sand- 
stone that Lesquereux * eironeously identified 
as Populus siygia Heer. I am not sure, how- 
ever, whether or not that form is identical 
with the present species. Eorhamnidium cre^ 
taceum is much like some of the leaves of the 
modern Krugiodendron ferreum, a form whose 
foliage exhibits much minor diversity, and it is 
also very close to Tertiary forms from the 
Mississippi embayment area, which are as yet 

undescribed. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County; Shirleys Mill, Fayette 
County, Ala. 

Collection : U. S. National Museum. 

Eorhamnidiain platyphylloides (Lesquereux) Berry, 

n* comb. 

Comus platyphylloides Lesquereux, The flora of the Dakota 
group, p. 126, pi. 64, fig. 15, 1892. 

The original description of this species, by 
Lesquereux, which was published in 1892, is as 
f oDows : 

Leaves small, thiddsh, subcoriaceous or membranous, 
oval, narrowly obtuse and narrowed to the base, entire; 
median nerve thick ; secondaries seven pairs, very oblique, 
slijfhtly curved in traversing the lamina, parallel, suboppo- 
site and Bubequidistant. 

Tliis species was described from the Dakota 
sandstone of Kansas and referred to the genus 
(^omua because of its great resemblance to 
Comna plaiyphyUa described by Saporta ^ from 
the Paloocene of France— a rather remote re- 
Homblance, it seems to me. 

It is represented in the Tuscaloosa formation 
by material indistinguishable from the type 

» lA^iiiermix, l^eo, U. 8. Oeol. Survey Mon. 17, p. 44, pi. 3, fig. 12, 1892. 
» HufKirtft, (}. dc, Prodrome d'une flore fossile des travertins anciens 
dn H/itinw, p. 103, pi. 11, flgl. H, 9, 1868. 



material, except that it is relatively slightly 
less elongate. Its reference to Comus was en- 
tirely questionable, for it almost certainly rep- 
resents some genus of the Rhamnaceae. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa Coimty, Ala. 

Collection: U. S. National Museimi. 

G^enua BHAKNUS Lijm^. 

Rhamnas tenax Lesqoerenx. 

Plate XXV, figures 1, 2. 

Rhamnus tenax Lesquereux, Am. Jour. Sci., 2d ser., vol. 46, 

p. 101, 1868; The Cretaceous flora, p. 109, pi. 21, ^. 

4, 1874; The flora of the Dakota group, p. 170, pi. 38, 

%. 6, 1892. 
Engelhardt, Naturwlss. Gesell. Isis in Dresden Abh. 

7, Jahrg. 1891, p. 101, 1892. 
Bartsch, Iowa Univ. Lab. Nat. Hist. Bull., vol. 3, 

p. 181, 1896. 

Leaves ovate-lanceolate in outline, aciuni- 
nate, slightly equilateral. Length about 8 
centimeters; maximum width about 2 centi- 
meters in the lower half of the leaf. The 
dimensions of these leaves are remarkably 
uniform in all the specimens from the Dakota 
sandstone of the West, as well as those from the 
Tuscaloosa formation in Alabama. Margins 
entire, curving inward somewhat abruptly to 
the petiole, which is stout, more or less curved, 
and about 1 centimeter or slightly more in 
length. Midrib stout, curved, becoming thin 
in the acuminate tip. Secondaries numerous, 
thin, approximately parallel, 12 to 14 sub- 
opposite to alternate pairs, branching from the 
midrib at angles of about 45° to 50°, curving 
slightly upward, camptodrome. 

This species, which was described many 
years ago by Lesquereux from the Dakota sand- 
stone of southern Kansas and subsequently re- 
corded by Bartsch from the same horizon in 
Iowa, is represented in the lower beds of the 
Tuscaloosa formation of western Alabama by 
leaves which are identical in all of their charac- 
ters with the type material and which seem to 
be closely aUied to the Tertiary and modern 
forms of Ehamnus. It has been reported by 
Engelhardt from the Cenomanian of Nieder- 
schoena, Saxony. 
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Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 
Collection: U. S. National Museum. 

Tamlly YITAGSAS. 
Oeniis dSSmS Heer. 

[Phyllitee ci^taac^oe du Nebraska, p. 19, 1866.] 
Cissltes formosus Heer. 

Ct89ite8formo$u8 Heer, Flora fosBilia arctica, vol. 6, pt. 2, 

p. 85, pi. 21, figs. 5-8, 1882. 
Lesquereuxy The flora of the Dakota group, p. 161, 

pi. 21, fig. 5, 1892. 
?Hollick, Toney Bot. Club Bull., vol. 21, p. 57, 

pi. 174, fig. 6, 1894; The Cretaceous flora of Bouthem 

New York and New England, p. 94, pi. 37, fig. 7, 

1906. 
Newberry, Tlie flora of the Amboy clajre, p. 107, pi. 47, 

figB. 1-8, 1896. 
Berry, New Jersey Cwol. Survey Bull. 3, p. 185, 1911. 

Heer's description, published in 1882, is as 
follows: 

C. foliis palmatis, profunde trilobatis, lobo medio basi 
contracto, trilobato, lobis obtusis. 

The foregoing description was baaed upon 
very fragmentary material from the Atane 
beds of Greenland, from which, nevertheless, 
Heer reconstructed the supposed outline of the 
perfect leaf. To judge by the specimens re- 
ferred to this species by Lesquereux and New- 
berry it was an exceedingly variable form. In 
plan it is trilobate, but the subsidiary lobes 
developed upon both the median and the 
lateral lobes in some specimens obscure this 
trilobate character and suggest Cissites parm- 
folius Berry of the Albian of America and 
Europe, Cissites derUatolohaius Lesquereux of 
the Dakota sandstone, or Cissus vitifolia Vele- 
novsky of the Cenomanian of Bohemia. 

The primaries are stout and three in number; 
they may diverge from the top of the stout 
petiole or be suprabasilar; in many specimens 
the branches of the laterals approach so near 
the base that the leaves have the appearance 
of being palmately 5-veined. 

This species is common but fragmentary in 
the Raritan formation; it ranges in size from 
7 to 10 centimeters in length and from 6 to 12 
centimeters between the tips of the main 
lateral lobes. The sinuses are all roimded, and 



the main ones may be deep or shallow. The 
fragment from Long Island referred to this 
species by HoUick is, as that writer remarks, 
exceedingly imsatisfactory and doubtful. It 
occurs also in the Dakota sandstone of Kansas 
and a closely related variety has been found in 
the Magothy formation of Maryland. 

The genus Cissites was erected by Heer in 
1866 for the species Oissites insignia from the 
Dakota sandstone of Nebraska, which pre- 
sented points of affinity with the genus Ciseus 
of Lum6. It is a largely developed type in the 
upper half of the Cretaceous period but is re- 
placed after the Eocene by forms which are 
definitely referable to modem allied genera 
such as Cissus and Vitis. 

Occurrence: Tuscaloosa formation, Glen 
Allen, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Ciosites criflpos YelenoTsky. 

Cisntes crisput Velenovsky, Die flora der bdhmischen 
Kreideformation, pt. 4, p. 12, pi. 4, fig. 6, 1885 (not 
Newberry, 1896, or Berry, 1911). 
Berry, Torrey Bot. Club Bull., vol. 43, p. 296, 1916. 

Cissites crispus was identified from the Rari- 
tan formation of New Jersey by Newberry and 
from the Magothy formation of that State by 
Berry, but neither of these occurrences repre- 
sents the European form, so that recently I 
have made them the basis of a new species, 
Cissites newberryi} 

A perfectly well characterized, small-leafed 
form which appears to be identical with the 
Bohemian type of Cissites crispus ia, however, 
present in the Ripley formation of western 
Tennessee. It differs from Cissites newherryi 
in its relatively shorter and wider form, its 
crenate instead of serrate or dentate teeth, its 
less ascending secondaries and its cordate 
base. 

The type and only other known occurrence 
of Cissites crispus is the Chlomeker beds 
(Emscherian) of Bohemia. 

Occurrence : Ripley formation (McNairy sand 
member), 2 J miles southwest of Sehner, Mc- 
Nairy Coimty, Term. 

Collection: Johns Hopkins University. 

1 Berry, E. W., Maryland Q«ol. Survey, Upper Cretaoeous, p. 850, 
1916. 
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Order MALVALES. 
Family THJACSAS. 

Oeniis OREWIOP8IS Saporta. 

Grewiopsis formosa Berry, n. sp. 

Plate XXV, figurefl 4, 5. 

Leaves relatively large for this genus, more 
or less trilobate, about 10 centimeters in length 
by 9 or 10 centimeters in maximum width. 
Apex bluntly pointed. Base cordate. Lobes 
more or less developed, ovate conical. Sinuses 
usually open and shallow. Margin with large 
dentate teeth or sublobes at ends of secondaries 
and these finely and evenly denticulate. Peti- 
ole stout. Primaries stout, three in number, 
diverging at or near the base. Laterals form 
acute angles of about 25° with the midrib. 
Secondaries nimierous, craspedodrome. Ter- 
tiaries, with the exception of those which run 
from the secondaries to the marginal teeth, 
transverse. 

This fine species is usually found in a rather 
fragmentary condition. It is entirely dis- 
tinct from previously described species and con- 
stitutes one of the earliest records of this genus. 

The genus Grewiopsis was instituted by 
Saporta in 1866 for leaves referable to the order 
Malvales but not positively referable to exist- 
ing genera. He compared these leaves, which 
were abundant in the Paleocene of Suzanne, 
France, with the existing genera, SicUiy Abu- 
tHan, Pterospermum, Domheyay Grewia, Spar- 
Tnannia, Luhea, and TUia of this order. Tfhey 
have also been compared with the extinct genus 
Credneria Zenker. About a score of species are 
known, largely from the early Eocene of Europe 
and America. Two species are known from 
the Dakota sandstone, Grewiopsis aequidentata 
and Grewiopsis fldbeUataj both described by 
Lesquereux. Lesquereux described a third 
species, Grewiopsis mudgeij but this was an un- 
intentional redescription of the type of Grewi- 
opsis aequidentata. Grewiopsis flahellata has 
been recorded from the Magothy formation in 
the Coastal Plain of Maryland.* A third 
species, Grewiopsis debumif has been recorded 
by Lesquereux from the Cretaceous of the 
Montana group. 

Both this and the following Tuscaloosa spe- 
cies are entirely distinct from the foregoing and 

» Berry, E. W., Torrcy Bot. Club Bull., vol. 33, p. 177, 1906. 



are more closely allied to certain modem genera 
of the family Tiliaceae. These are Grewia 
Linn£, which has about 90 species, mostly trop- 
ical, in the old world; Hockenya Willdenow, 
which has about 15 species in the American 
Tropics, extending from the Antilles and Cen- 
tral America to Brazil; and Triumfetta Linn6, 
with about 60 species ui the Tropics of both 
hemispheres, extending northward in America 
to the AntiUes. 

In the deposits of the Mississippi embay- 
ment there is a small PopultLs-hke species of 
Grewiopsis in the lower Ek>cene (Wilcox group) 
and a large and ornate species in the middle 
Ek>cene (Claiborne group). 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

CJollection: U. S. National Museum. 

Grewiopsis tuscaloosensis Beny, n. sp. 
Plate XXV, figure 3. . 

Leaves of small size, elliptical in general 
outline, about 4 centimeters in length by 3 to 
3.5 centimeters in maximum width, which is 
about halfway between the apex and the base. 
Apex rounded or bluntly pointed. Base shal- 
lowly cordate. Margin dentate throughout; in 
upper half of the leaf sublobate dentations at 
ends of the secondaries, which are denticulate 
to match the teeth lower down. Petiole long, 
about 2.5 centimeters in length, rather stout. 
Midrib rather stout. Five or six subopposite 
pairs of secx)ndaries, branching from the midrib 
at angles of about 45® or more, craspedodrome. 
On the outside these give off tertiary branches, 
which nm to the marginal teeth and in turn 
some of them give off subordinate outside 
branches to the margin. Balance of the ter- 
tiaries transverse, as is the rule in this genus. 

This species is much smaller than Grewiopsis 
formosa and altogether lacks the triveined, 
trilobate character of that s{>ecies, although 
the possibility that it may represent an im- 
mature or slightly aberrant leaf of that species 
should not be lost sight of, for it occurs in the 
same deposits and less abundantly. It is 
strictly congeneric with the previously de- 
scribed species of Grewiopsis and serves to 
relate the Tuscaloosa formation with the 
Dakota sandstone as well as to clearly fore- 
shadow the development of this type of vege- 
tation in the early Eocene. 
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Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala, 
Collections: U. S. National Museum. 

FamUy STSBCXJLIACEAZ. 
Oenus PTEBOSPEBMITES Heer. 
Pterospermites carolfaieiiflls Berry. 

Plate XXV, figures 6-8. 

Pterospermites carolinerms Berry, Torrey Bot. Club Bull., 
vol. 34, p. 198, pi. 14, fig. 2, 1907; idem, vol. 43, 
p. 297, 1916. 

Leaves broadly ovate or elliptical in outline. 
Apex missing but probably broadly pointed. 
Base broad, r^inging from forms in which it is 
broadly cuneate and slightly decurrent to 
forms in which it is more or less cordate; in all 
specimens the lateral margins of the lamina 
continue downward as wings of the petiole for 
considerable distances. Length 10 to 15 centi- 
meters (?). Greatest width, 5 to 8 centi- 
meters in the basal half of the leaf. Margins 
entire, except that they may be somewhat 
undulate distad. Texture somewhat coria- 
ceous. Petiole very stout, curved, about 2.5 
centimeters in length. Midrib straight, rather 
stout, becoming enlarged to join the petiole. 
Secondaries subopposite to alternate, rather 
remote, relatively slender, the lower ones on 
each side commonly branching from the ex- 
treme base of the midrib, giving off at the point 
of branching a prominent tertiary which makes 
an angle of about 90® with the midrib and giv- 
ing off also several tertiaries which atch along 
the lateral margins; similar marginal campto- 
drome veins are given oflF by the basal tertiary 
just described. The remainder of the second- 
aries, numbering four or five pairs, diverging 
from the midrib at angles of about 50°, curving 
upward, camptodrome. Nervilles thin, largely 
simple, straight or somewhat curved. 

This species was described by the writer in 
1907 from the Black Creek formation at Court 
House Bluff, N. C, where it is not uncommon, 
although mostly in a poor state of preserva- 
tion. It appears to be common in the lower 
part of the Tuscaloosa formation, in western 
Alabama, where it is al^o not particularly well 
preserved, the apical half of the leaf being 
usually missing. It is present also in the 
Eutaw formation in Tennessee. 

There are three additional species of Ptero- 
spermites recorded from the American Creta- 



ceous — P. modestus Lesquereux of the Dakota 
sandstone in the West and the upper part of 
the Raritan formation in the East, P. obovatus 
(Newberry) Berry, of the Raritan formation of 
New Jersey, and P. cordifolius Heer, of the 
Atane beds of Greenland. During the Eocene 
there were species in Alaska and Europe, and 
the genus continued throughout the Tertiary 
in considerable abimdance. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County; Cotton- 
dale, Tuscaloosa County,'Ala. Eutaw forma- 
tion (Coffee sand member), Coffee Bluff, 
Hardin County, Tenn. 

Collections: U. S. National Museum. 

Oenus STEBCOXIA Linn^. 

Sterculia snowii tennesseensis Berry. 

Plate XXXII, figure 1. 

Sterculia snowii tennesseensis Berry, Torrey Bot. Club Bull., 
vol. 43, p. 296, pi. 16, fi^. 5, 1916. 

Leaf bilobate, with a bluntly pointed base 
and gradually narrowed acuminate recurved 
apical lobes. Length about 11 centhneters. 
Width of the entire basal part of the leaf 2.5 
to 2.75 centimeters. Width of lobes 1.1 to 1.6 
centimeters. Margins entire. Texture sub- 
coriaceous. Sinus extending halfway to the 
base or less, open, narrowly roimded. Midrib 
stout, flexuous. Lateral primary stout, di- 
verging from the midrib at an acute angle 
about 3 centimeters above its base. Seconda- 
ries thin, largely immersed, divei^ing from the 
primaries at wide angles and at regular inter- 
vals, arching in a camptodrome maimer near 
the margins. 

This striking form is unfortunatdy repre- 
sented by only two specimens, both of which 
are bilobate, although it, like so many fossil 
and existing species of Sterculia, may well 
have varied from entire to trilobate. Among 
previously described fossil forms it may be 
compared with the species from the Magothy 
formation in New Jersey and Maryland, 
Steradm raininw, Beny, which is a smaUer 
and more variable form, or with the species 
from the Dakota sandstone, Sterculia mucro- 
nata Les((uereux and Sterculia snowii Les- 
quereux. The latter, though often much 
larger and with five lobes, is extremely varia- 
ble. Two named varieties of it have already 
been recognized, and • the general character 
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and venation of this Tennessee form leads me 
to conclude that it represents another variety 
of this protean species. 

Occurrence : Ripley formation (McNairy sand 
member) , 2^ miles southwest of Selmer, McNairy 
County, Tenn. 

CoDection: Johns Hopkins University. 

Order TH7MSLXALSS . 

Family LAXTBACSAX. 

Genus dNNAMOlfUM Blnme. 

Cinnamomiiiii newberoi Berry. 

Plate XXI, figures 6-9. 

Cmnamomum newberryi Beny, Torrey Bot. Club Bull., 

vol. 38, p. 423, 1911; New Jersey Geol. Survey Bull. 

3, p. 150, pi. 16, ^. 3, 191L 
Cinnamomum »ezannen$e Heer, Flora foeailis arddca, vol. 6, 

Abt. 2, p. 77, pi. 19, ^. 8; pi. 33, figs. 11, 12, 1882 

(not Watelet). 
Heer, idem, vol. 7, p. 30, pi. 41, ^g. la, 1883. 
Lesquereux, The flora of the Dakota group, p. 107, pi. 

12, ^. 7, 1892 (not fig. 6). 
Dawson, Boy. Soc. Canada Trans., 1st ser., vol. 2, 

sec. 4, p. 64, pi. 13, fig. 58, 1894. 
Hollick, Torrey Bot. Club Bull., vol. 21, p. 63, pi. 

180, figs. 5, 7, 1894. 
Penhallow, Hoy. Soc. Canada Trans., 2d ser., vol. 8, 

sec. 4, p. 46, 1902. 
Hollick, New York State Mus. Fifty-fifth Ann. Kept., 

for 1901, p. r50, 1903. 
Cinnanwmum inUrmedium Newberry. Smith, On the 

geology of the Coastal Plain of Alabama, p. 348, 

1894 (nomen nudum) (not Ettingshausen). 
Newberry, The flora of the Amboy clays, p. 89, pi. 29, 

figs. 1-8, 1896. 
Berry, New Jersey Geol. Survey Ann. Kept, for 1905, 

p. 139, pi. 20, figs. 2-6, 1906; Torrey Bot. Club Bull., 

vol. 33, p. 179, pi. 7, figs. 3, 4; idem, vol. 37, p. 27, 

1910. 
Hollick, The Cretaceous flora of southern New York 

and New England, p. 74, pi. 29, fig. 7; pi. 30, figs. 

1, 2, 1906. 

Leaves subcoriaceous, lanceolate to ovate- 
lanceolate in outline, difTering greatly in size 
and consequently in appearance. Apex short- 
pointed or more or less narrowly extended; 
base broad, narrowed to the petiole. Primaries 
three, usually suprabasilar. 

This species is primarily distinguished from 
Cinnamomum Tieerii Lesquereux by its rela- 
tively narrower form and acute base. The 
present species, as here revised according to 
the foregoing citations, has a remarkable range 
in the earlier half of the Upper Cretaceous, 
being recorded from the Raritan formation of 
New Jersey, which is the oldest horizon from 



which it is known. Above the Raritan horizon 

* 

it occurs in the Atane and Patoot beds of 
Greenland, in the Magothy formation from 
Long Island to Maryland, in the Black Creek 
formation of North Carolina, in the Midden- 
dorf arkose member of the Black Creek forma- 
tion of South Carolina, in the Tuscaloosa forma- 
tion of Georgia and Alabama, and in the Dakota 
sandstone of Kansas. It appears to be present 
in the Upper Cretaceous of the Pacific coast on 
Vancouver Island and is probably represented 
in the Texas remains of Cinnam^mium recorded 
by Knowlton * from the Woodbine sand in 
Cooke County. Although not known from 
Europe the forms from the Cenomanian of 
Bohemia which Velenovsky describes as Aralia 
daphnophyUum ' are very similar to the Amer- 
ican species. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Glen Allen, Fayette County; Cottondale, 
Tuscaloosa County, Ala. Eutaw formation 
(basal beds), McBrides Ford, Chattahoochee 
County, Ga. 

Collections: U. S. National Museum. 

Cinnrnmomiiiii heerif Lesqoereox (7). 

Cinnamomum heerii Lesquereux, Am. Jour. Sci., 2d ser., 
vol. 27, p. 361, 1859. 
Berry, U. S. Geol. Survey Prof. Paper 84, p. 118, 
pi. 21, ^. 8, 1914; Torrey Bot. Club Bull., vol. 43, 
p. 298, 1916. 

This species in the eastern Gulf area was 
recently discussed by me in the paper cited. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga.; 
(CoflFee sand member). Coffee Bluff, Hardin 
Coimty, Tenn. 

Collections: U. S. National Museum. 

Cinnamomum sp. 

Cinnamomum sp. Berry, Torrey Bot. Club Bull., vol. 43, 
p. 299. 1916. 

A characteristic Cinnam^omum, apparently 
distinct from Cinnam^ymum newberryi and Cin- 
namomum Jieeriif the two most common and 
wide-ranging Upper Cretaceous species, is 
present in the Ripley formation. The material 
is too imperfect for satisfactory characteri- 
zation. 

1 Knovlton, F. H., in Hill, R. T., U. S. Geol. Survey Twenty-first 
Ann. Rept., pt. 7, p. 317, 1901. 

* Velenoysky , Josef, Die Flor» der bOhmlflcfaen Kraidefonnfttton, Theil 
1, p. 23, pi. 5, figs. &-8, 10; pi. 6, figs. l-<, 1882. 
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Occurrence: Ripley formation (McNairy sand 
member), 2^ miles southwest of Selmer, McNairy 
Coimty, Tenn. 

Collection: Johns Hopkins University. 

Gknus PEBSBA Oaertner. 
Persea yalida Hollick. 

Plate XXI, figure 2. 

Persea valida Hollick, The Cretaceous flora of southern 
New York and New England, p. 76, pi. 29, figs. 8, 9, 
1906. 

Leaves ovate-lanceolate in outline, with 
slightly waved margins, 9 to 11 centimeters 
in length by about 3 centimeters in maximum 
width, which is about halfway between the 
apex and the base. Apex somewhat abruptly 
acuminate. Base about equally sharp, cun^ 
ate. Petiole short and stout. Midrib stout, 
curved, and somewhat flexuous distad. Sec- 
ondaries numerous, thin, 9 to 12 pairs, some- 
what irregularly spaced and branching from 
the midrib at mostly acute angles, curving 
upward, camptodrome. 

This well-marked species was recently de- 
scribed by Hollick from the Upper Cretaceous 
of Long Island. The Tuscaloosa leaves are 
identical in character with the type material, 
the specimen figured from Cottondale, Ala., 
being an almost exact counterpart of the 
smaller of HoUick's figures. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museimi. 

Oenus OREODAPHNE Nees and Martiiis. 
Oreodaphne shirleyensis Berry, n. sp. 

Plate XIX, figures 1, 2. 

• 

Leaves of mediimi size, broadly ovate in 
outline, with an acimainate apex and a broadly 
rounded base, about 10 centimeters in length 
by 4.5 centimeters in maximum width, which 
is in the middle part of the leaf. From this 
point the margins are full and curved to the 
base. Distad they curve outward then in- 
ward, narrowing more or less gradually to the 
narrowly pointed apex. Midrib stout, curved. 
Secondaries about six pairs. The second pair 
from the base branch from the midrib at a 
somewhat more acute angle than those above 
or below. They are also somewhat stouter, 
straighter, and more ascending, although much 
thinner than the midrib. They are alternate 



and have the appearance of lateral primaries, 
giving the leaf somewhat the appearance of a 
triveined leaf, but they are really only slightly 
enlarged secondaries. All the secondaries are 
camptodrome. 

This species is new to science and is clearly 
distinct from Oreodaphne alahamensis in size, 
outline, and general appearance. The base 
is quite different, and the development of a 
normal pair of secondaries below the alternate 
pseudoprimaries instead of the numerous 
parallel secondaries from the outer side of the 
true primaries, which are so conspicuous a 
feature in Oreodaphne alahamensis, affords a 
ready means of discrimination between the 
two species. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Musemn. 

Oreodapline alabamensis Berry. 

Plate XIX, figures 3-5. 

Oreodaphru alabamensis Berry, Torrey Bot. Club Bull., 
vol. 39, p. 400, pi. 32, 1912. 

Leaves of large size, ovate in general out- 
line, ranging from 13 to 20 centimeters in 
length, and from 4.75 to 7 centimeters in 
maximum width, which is at a point about 
midway between the apex and the base. 
From the point of greatest width the margins 
extend, both distad and proximad, in a very 
full curve, narrowing rather abruptly to the 
acuminate tip and also to the more or less de- 
current base. Midrib stout, curved- Lateral 
primaries opposite, one on each side, branch- 
ing from the midrib at an acute angle a con- 
siderable distance above its base, rather 
straight in their course, thinner than the mid- 
rib. Above the primaries there is an interval 
and then about six pairs of thin, curved, ap- 
proximately parallel, camptodrome seconda- 
ries branch from the midrib at acute angles. 
The lateral primaries give off on the outside 
numerous regularly spaced and approximately 
parallel, curved camptodrome secondaries, this 
feature serving to distinguish this species from 
other fossil species of this genus, and* from 
Cinnamomumj Cocaidus, or other genera with 
somewhat similar leaves with which it might 
be compared. Texture coriaceous. 

This fine, large species shows considerable 
variation in size and some in outline, the varia- 
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tion ill outline being dependent on whether the 
leaf is wi<le8t nearer to or farther from the 
base. If the leaf is widest farther from the 
base the distal part is more fully rounded and 
abruptly contracted to the acuminate tip, 
whereas the base is more gradually narrowed 
and finally cuneate rather than decurrent. If 
the greatest width is nearer the base the apical 
portion is more gradually narrowed and the 
base is full and rounded abruptly, docurring to 
the petiole. It is also present in the Wood- 
bine sand at Arthurs Bluff, Lamar County, Tex. 
This species is markedly different from pre- 
viously described fossil forma but may be 
matched by severe! modem tropical American 
species of Oreodaphne. The genus OreodapJiTie 
of Noes, which is exclxisively American in the 
existing flora, is made a subgenus of Ocotea 
Aublet by Pax.' Ocotea, which in paleo- 
botanic usage may be considered as composite, 
has about 200 modem species, which, occur 
chiefly in the American Tropics and range from 
southern Florida to Brazil and Peru but have 
some representation (subgenus Mfspilodaphne 
Nees) in the Canary Islands, South Africa, 
Madagascar, and the Mascarene Islands. 

Our single existing species in the United 
States, whose habit and environment may be 
ta^n as typical for the whole genus, is found 
in Florida southward from Capes Canaveral 
and Romano along the shores and islands, with 
the exception of some of the western keys, 
making its best growth in the rich, moist, ham- 
mock lands near the coast. 

The genus is abundantly represented by 
several characteristic species in the Eocene 
floras of the Gulf region. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County, Ala. 

Collections: U. S. National Museum. 
Oenna BABSATBAS Nees. 
[HsnilbiK'h der modiziiiioeh-pliftnnaceutiBchen llotanik, 
vol. 2, p. 418, 1831.] 
Saasafria acutUobnm Le«piereiu. 
"-—t—t orufttoftum Leequeroux, The Cretaceous flore, p, 
9, pi. H, ligH. I, 2, 1874; The Cretaceoua and Ter- 
i&ry floral, p. 66, pi. 5, figs. 1, 5, 1S83; The flora of 
lie DakoU group, p. 100, 1892. 
Hick, New York Acad. 8ci. Trans., vol. 12, p. 236, 
1. 7, fig. 1, 1893; The Cretaceous flora of eouthern 
lew York and New England, p. 77, pi. 30, figs. 8, 
,1906. 



|l«r, 



., uid PruilJ, K., Die natOrlicliR 



Newberry, The flora of the Amboy clays, p. 87, pi, 26, 
flgs. 1-10; pi. 26, ligB. 2-6, 1896. 

Kurtz, Rev. Mus. La Plata, vol. 10, p. 53, 1902. 

Beny, Bet. Gazette, vol. 34, p. 438, 1902; New York 
Bot. Garden Bull., vol, 3, p. 81, pi. 45, figs. 1, 2, 
1903; Torrey, Bot. Club Bull., vol. 31, pi. 1, fig. 6, 
1904; New Jersey Geol. Survey Ann. Kept, for 1905, 
p. 139, pi. 22, figs. 4, 5, 1906; New Jersey Geol. 
Survey Bull. 3. p. 140, pi. 18, fig. 2, 1911. 

Trilobate leaves, variable in size and outline. 
Length ranges from 2.5 centimeters in the 
young leaves to 14 centimeters in mature forms 
and averages 10 to 12 centimeters. Width 
from the tips of the lateral lobes likewise ranges 
from 1 to 15 centimeters averaging about 10 
centimeters. Lobes mostly conical and acut«, 
the middle one being usually shghtly the broad- 
est and longest. Lateral lobes directed more 
or less laterally. Base decurrent. The sinuses 
between the lobes as a rule are open and round- 
ed, the margins forming an angle of approxi- 
mately 90°. There is considerable variation, 
however, in this respect, some of the leaves 
having comparatively narrow sinuses with the 
lobes directed upward, as in Sassafras progeni- 
tor HoUick, whereas others, at the opposite 
extreme of the series, have extremely shallow 
sinuses, so shallow that the leaf has the appear- 
ance of a triangularly pointed, entire leaf. The 
lateral primaries may branch from the midrib 
at or near the base, as they do in a majority of 
the Raritan forms, or their point of divei^ence 
may be a considerable distance above the base, 
as in modem Sassafras leaves. Their angle of 
divergence from the midrib ranges from about 
30" to 40". The secondaries a.re usually 
numerous, regular, camptodrome, and con- 
nected by transverse tertiaries, although in the 
Raritan leaves this unifonmity is often lacking. 
Petiole, long and stout. The mai^inal vein 
along the sinus, a marked feature in modem 
leaves of this genus, is generally absent in this 
species, although present in a few specimens. 

This species is apparently widely distributed 
and almost as variable as the modem Sassafras. 
It was described originaUy from the Dakota 
sandstone as a variety of Sassafras mvdgei and 
occurs also on Marthas Vineyard and Long 
Island and in the Raritan and Magothy forma- 
tions of New Jersey and Delaware. It has 
been recorded from Cerro Guido, Ai^entina, 
and Velenovsky ideutifled somewhat doubtful 
remains from the Cenomanian of Bohemia as 
this species. Probable Sassafras fruit has been 
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found in the same strata with 8. aciUUohumy^ 
tending to show that it is a true Sassafras, not- 
withstanding its dissimilarities; however, the 
leaves and fruit were not found associated. 
Lesquereux's Smallest figure of S. acfoiilohum 
is considerably smaller, with the lobes directed 
upward, and is probably a yoimg leaf of his 
larger form. His other figure approaches some 
of the leaves which Newberry refers to this 
species but has narrower and more produced 
lobes. 

There is considerable doubt as to whether 
these Coastal Plain leaves are generically re- 
lated to Sassafras. Whether the Dakota sand- 
stone forms are those of Sassafras it is not easy 
to decide. No modem Sassafras leaves have 
the primaries and the lateral lobes so nearly 
horizontal; the secondaries are not so imi- 
formly regular, nor do they curve upward to 
join the next -above at a point. In the modem 
leaf an outwardly and downwardly directed 
branch from the lateral lobe is emphasized. 
None of the modem forms have such an open 
sinus, which amoimts in the fossil to nearly 
90^, and the lobes in the modem leaf have 
their margins inflated and not straight. In 
these ancient leaves the sinus as a rule does 
not have a marginal vein, the secondaiy in 
this region usually forking and striding it, or 
curving to join its neighbor. The secondary 
system seems to be uniform throughout the 
leaf, but in the modem leaf there is always 
evidence of changes in the region around the 
sinus; the secondaries or their representatives 
from both the primaries and midrib are changed 
in size and direction, and as a rule belong to the 
tertiary system. None of the Dakota leaves 
of this species show the characteristic basal 
venation of the modem leaf. Though Creta- 
ceous species should not necessarily be expected 
to conform to the modem type, still the char- 
acter of the secondary system in the fossils 
is so different from what would obtain in a 
leaf descended from a simple ancestor, such as 
Sassafras is thought to have done, that I am 
inclined to associate these leaves with those 
trilobed forms which have been referred to 
Aralia or Stercvlia, laying aside, for the present, 
any consideration as to whether they are true 
species of Aralia and Sterculia, 

» Lesqtiereux, Leo, The flora of the Dakota group: U. 8. Oeol. Survey 
lion. 17, p. 230, 1892. 



However, in view of the present imcertainty, 
and because of the havoc to the stratigraphic 
value of these leaves which would be wrought 
by any change of name, they are retained in the 
genus Sassafras pending more positive evidence 
of their aflSnity. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa Coimty , Ala. 

Collection: U. S. National Museum. 

Qenus ICALAPOENKA Kees. ' 
Malapoenna cottondalensis Berry, n. sp. 

Plate XXI, figure 4. 

Leaves lanceolate in general outline, 11 to 
12 centimeters in length by about* 2.5 centi- 
meters in maximum width in the basal hall 
of the leaf. Apex gradually narrowed, acimii- 
nate. Base curved cuneate, pointed. Midrib 
stout, becoming thin distad. Secondaries about 
eight to ten pairs; the lowest pair are opposite 
and suprabasilar, diverging from the midrib at 
angles of about 25^, ascending for a distance of 
about 4 centimeters to a point where they join 
an outwardly directed branch from the second- 
aries next above, thus giving the basal part 
of the leaf a tri veined appearance; after an in- 
terval the remaining secondaries are more or 
less equally spaced, approximately parallel and 
alternate, branching from the midrib at angles 
of about 40** to 45®, r^ularly curved upward 
and camptodrome. 

This species, which is obviously new, is much 
larger than Malapoenna falcifolia. It is about 
the same size as Malapoenna creixicea but nar- 
rower and more elongated and attenuated 
above. The secondaries are thinner and only 
one pair extended to simulate primaries. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa County, Ala. 

Collection: U. S. National Museum, 

Malapoenna cretacea (Lesquereux) Knowlton. 
Plate XXI. figure 3. 

lAtsea cretacea Leequereux, The flora of the Dakota group, 

p. 96, pi. 15, fig. 2, 1892. 
Malapoenna cretacea (Leequereux) Knowlton, U. S. Geol. 

Survey BuU. 152, p. 142, 1898. 

Leaves oblong-lanceolate in outline with a 
cuneate or slightly decurrent base, widest in 
the lower half of the leaf and tapering upward 
into an aciuninate apex. Length 10 to 14 
centimeters. Maximum width about 3 centi- 
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meters. Margins entire but slightly waved. 
Texture coriaceous. Petiole short and stout. 
Midrib stout. Secondaries thin, five or six 
pairs, irregularly spaced; proximad they branch 
from the midrib at acute angles and sweep up- 
ward in long, ascending curves, which give 
these leaves the semblance of being tri veined; 
distad they branch at a wider angle and are 
shorter and more curved; aJl are finally camp- 
todrome. . 

This handsome species, which was originally 
described from tie Dakota sandstone of 
Kansas, to which it has hitherto been con- 
fined, is unmistakably present in the lower 
part of the Tuscaloosa formation of western 
Alabama. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County, Ala. 

CoDection: U. S. National Museum. 

Malmpoenna faldfoUa (Lesquereiix) Knowlton. 

Plate XXI, figure 5. 

LiUeafalcifolia Leequereux, The flora of the Dakota group, 

p. 97, pi. 11, ^, 5, 1892. 
Malapoenna falcifolia (Leequereux) Knowlton, U. S. 

Geol. Survey Bull. 152, p. 142, 1898. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 180, 1906. 

New Jersey (jeol. Survey Ann. Rept. for 1905, p. 

139, 1906. 

Leaves of relatively small size, lanceolate in 
outline, falcate. Length about 5 to 6 centi- 
meters. Maximum width, which is about 
halfway between the apex and the base, if any- 
thing dightly nearer the base, about 1.7 centi- 
meters. From this point the blade narrows 
to the lanceolate base and gradually tapers to 
the extended acuminate tip. Petiole not pre- 
served. Midrib much curved, thin distad. 
Secondaries three or four pairs; the lower su- 
prabasilar and subopposite pair should possibly 
be termed lateral primaries, as was done by 
the original describer of the species. These 
lower secondaries are thin and branch from the 
midrib at angles of 45® or less, sweeping up- 
ward in a long curve, at length camptodrome. 
Upper secondaries somewhat irregularly spaced, 
camptodrome. Tertiaries very fine and more 
or less obsolete. Texture coriaceous but not 
thick. 

This attractive species is easily distinguished 
from other lauraceous forms, particularly from 
species of Cmnamomt^rM, with which Lesquereux 
originally compared it, by its slight inequi- 



lateraUty and marked falcate form, as well as 
by the lack of definiteness in the triple vena- 
tion, the suprabasilar position of the so-called 
primaries, and the character of the tertiary 
venation. It was described originally from 
the Dakota sandstone of Kansas and subse- 
quently was discovered by the writer in the 
Magothy formation of New Jersey. Some of 
the specimens from the lower part of the 
Tuscaloosa formation, though the materials 
are not extensive, are complete and are en- 
tirely characteristic. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Malmpoenna horrellensis Berry. 

Malapoenna horrellensis Berry, Torrey Bot. Club Bull., 
vol. 37, p. 198, pi. 24, figs. 1-9, 1910. Idem, vol. 
43, p. 299, 1916. 

I described this species in 1910 as follows: 

Leaves ovate-lanceolate, about 8 centimeters long by 2.5 
centimeters in greatest width; broadest at the evenly 
rounded or slightly acute base, narrowing gradually up- 
ward, the apex narrow and extended but obtusely pointed. 
Leaf substance thin but persistent, evidently coriaceous 
in life, since these leaves occur abundantly at a locality 
where all the vegetable remains except the resistant 
Araxuxxria, Cunninghamites, and Pistia were evidently 
thoroughly macerated before entombment. Secondaries 
4 to 6 pairs, subopposite, curved upward, camptodrome, 
branching from the midrib at an acute angle, the lowest 
pair branching from the top of the petiole and extending 
upward halfway to the apex or farther, giving the leaf a 
triple-veined appearance. Perhaps they should be termed 
lateral primaries, although they are much finer than the 
medium stout midrib. The next pair of secondaries 
branch at a less acute angle a considerable distance above 
the base, one- third to one-half the distance to the apex. 
Tertiary venation typically lauraceous. 

This species is markedly distinct from the 
species of lauraceous leaves hitherto described 
in its roimded base, the only genus of this 
family with such a character being Cinna- 
momunij the present species being possibly 
liable to be confused with Cinnamomum heeri 
Lesquereux when only the basal part of the 
leaf is foimd. The general proportions and 
characters of the whole leaf are, however, 
perfectly distinct. 

It was described from several localities in the 
upper part of the Black Creek formation of 
North Carolina and is represented in the col- 
lections from the basal part of the Eutaw for- 
mation of Alabama from Hale Coimty. It is 
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also present in the basal beds of the Eutaw 
in western Georgia. 

Occurrence: Eutaw formation, Havana, Hale 
• County, Ala. ; Broken Arrow Bend, Chattahoo- 
chee County, Ga. Ripley formation (McNairy 
sand member), Big Cut near Cypress and 2^ 
miles southwest of Selmer, McNairy County, 
Tenn. 

Collection: U. S. National Musemn. 

Oenas LATTBT7S Lixm6. 
Lannis plutonia Heer. 

Laurtu plutonia Heer, Flora foesilee arctica, vol. 6, abt. 2, 
p. 75, pi. 19, figs. Id, 2-4; pi. 20, figs. 3a, 4-5; pi. 28, 
figs. 10, 11; pi. 42, fig. 4b,' 1882; idem, vol. 7, 
p. 30, pi. 48, fig. 2; pi. 62, fig. la, 1883. 

Lesquereux, The flora of the Dakota group, p. 91, 
pi. 13, figs. 5, 6; pi. 22, fig. 5, 1892; Minnesota Geol. 
and Nat. Hist. Survey, vol. 3, pt. 1, p. 14, pi. A, fig. 
6; pi. B, fig. 5, 1895. 

Newberry, The flora of the Amboy clays, p. 85, pi. 16, 
figs. 10, 11, 1896. 

Velenovsky, Die flora der bdhmischen Ereideforma- 
tion, Theil 3, p. 1, pi. 4, figs. 2-4, 1884. 

Hollick, New York Acad. Sci. Ann., vol. 40, p. 60, pi. 
4, figs. 6, 7, 1898; The Cretaceous flora of southern 
New York and New England, p. 80, pi. 27, figs. 9, 
ll;pl. 28, figs. 1,2, 1906. 

Berry, New York Bot. Garden Bull., vol. 3, p. 79, 
pi. 1, figs. 9-11, 1903; Torrey Bot. Club Bull., vol. 
31, p. 77, pi. 3, fig. 1, 1904; idem, vol. 33, p. 173, 
1906; New Jersey Geol. Survey Ann.' Rept. for 
1905, pp. 138, 139, 1906; New Jersey Geol. Survey 
BuU. 3, p. 144, 1911. 

Leaves lanceolate in outline, usually taper- 
ing almost equally in both directions but 
sometimes less acute at the base. Length, 7 
to 11 centimeters. Maximum width, 1.5 to 2.5 
centimeters. Midrib rather stout. Petiole 
short and stout, 6 to 15 millimeters in length. 
Secondaries slender, eight or more alternate 
pairs, camptodrome. 

This species was described by Heer from the 
Atane beds of Greenland, and a large number 
of somewhat variable and fragmentary speci- 
mens were figured. Newberry records speci- 
mens from the Raritan formation of New 
Jersey without giving any specific locahties. 
Those figured show leaves which are relatively 
wider than the usual leaves of this species, but 
these are comparable with some of the Green- 
land specimens.* Entire typical leaves occur 
in the top layer of the Raritan at the Hvlton 
Pits near Camden, N. J. 

I Heer, Oswald, Flora fossilis arctica, vol. 6, Abt. 2, pi. 20, fig. 5; pi. 
28, fig. 11, 1882. 



Subsequent to its description by Heer, this 
species was recorded from a very large number 
of Cretaceous plant beds, so that its present 
range, both geographic and geologic, is rather 
wide. Many of these records are not entirely 
above question, and this appears to be especi- 
ally true of the forms from the Cenomanian of 
Bohemia which Velenovsky so identifies. 

Lauras plutonia is evidently a rare plant in 
the Raritan formation but becomes abundant 
in immediately succeeding floras, being com- 
mon in that of the Dakota sandstone of the 
West and in the Magothy formation of the 
East at a niunber of locahties in New Jersey 
and Maryland. It is a conmion form in the 
insular Cretaceous floras and also occurs in the 
southern Atlantic Coastal Plain. Supposed 
fruits are figured by Heer.' In South Carolina 
this species is represented by typical leaves 
which are not at all imcommon in the Midden- 
dorf arkose member of the Black Creek forma- 
tion. It has not been detected in the North 
Carolina Cretaceous, although it ranges from 
the base to the top of the Tuscaloosa formation 
and into the base of the Eutaw formation in 
Alabama. 

The generic name Launts is used as a form 
genus for fossil Lauraceae, and its use does not 
imply an intimate relationship with the exist- 
ing species of Lauras. The present form is 
probably not a true Lauras but is referable to 
Oreodaphne, Mespilodajyhne, or Nedandra. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; CottondaJe, Tuscaloosa 
County, Ala. Eutaw formation (basal beds), 
2 miles south of Havana, Hale County, Ala. 

Collections: U. S. National Museum. 

Oenas LATTBOPHTLLUM Ooeppert. 
LaurophyUum nerriUoflam Hollick. 

Plate XXI. figure 1. 

LatLTophyllum nenrillosum Hollick, The Cretaceous flora of 

southern New York and New England, p. 82, pi. 

27. figs. 6, 7, 1906. 
Berry, Torrey Bot. Club Bull., vol. 36, p. 255, 1909. 

New Jersey Geol. Survey Bull. 3, p. 146, 1911. 
ProUoides daphnogenoidfs Heer. Hollick, New York Acad. 

Sci. Ann., vol. 2, p. 420, pi. 36, figs. 1, 3, 1898. 

Leaves of comparatively large size, oblong- 
lanceolate in outline, somewhat inequilateral 

< Idem, pi. 42, fig. 4b. 
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in some of the Tuscaloosa material, about 
15 centimeters in length by about 2.5 centi- 
meters in greatest width, which is about mid- 
way between the apex and the base. Apex 
acuminate. Base pointed, narrowly cuneate. 
Midrib stout. Secondaries thin, close, paral- 
lel, branching from the midrib at angles not 
exceeding and usually somewhat less than 45°, 
ascending, nearly straight or somewhat flexu- 
ous, connected by transverse nervilles, branch- 
ing and inosculating near the margin, where 
they merge in the tertiary venation. 

This species was described originally from 
the transported morainic material at Totten- 
ville, Staten Island, and probably represents 
transported Raritan materials, as it occurs in 
the Raritan formation at Milltown, N. J. It 
is, however, present in the succeeding M^othy 
formation and is not uncommon in the typical 
Black Creek formation of the Carolinas and in 
the Middondorf arkose member of the Black 
Creek formation in South Carolina. It is some- 
what like LauropkyUum lanceolatum Newberry 
but has a markedly different venation and a 
less lanceolate outline. It is also very close ta 
LauropkyUvm elegam HoUick, which is, how- 
ever, a more slender lanceolate leaf, with 
narrowly produced apex and base and a some- 
what coarser venation, with less close and 
moro curved camptodrome secondaries. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala, 

CdUcction: U. S. National Museum. 

LanrophrllBni angiuUfolinm Newberry. 

lum an^utti/olium Xewberry, The flora of the 
boy ctays, p. 86, pi. 17, figg. 10, II, 1896. 
, New York Bot. Garden Bull., vol. 3, p. 80, 
17, figB. 1, 5, 8; pi. 4B, figB, 1^, 1903; Tojrey Bot. 
b Bull., vol. 33, p. 178. 1906; New Jersey Geol. 
vey Bull. 3, p. 148, 1911. 

a elongate-lanceolate, very symmetric 
te, 10 to 15 centimeters in length, by 
I centimeters in width, widest above 
Ue, tapering with almost straight sides 
Jongate-acute base. Apex narrowed, 
i. Petiole short and stout. Midrib 



also stout. Secondaries fine, commonly obso- 
lete, 12 to 15 pairs, branching from the midrib 
at an angle of about 45° and curving upward 
camptodrome. Texture subcoriaceous. 

This species, which was described from the 
middle part of the Raritan formation of New 
Jersey, where it is common, has also been 
found in the overiying Magothy formation in 
both New Jersey and Maryland. In the ab- 
sence of complete and well-marked specimens 
many of those available can with difficulty be 
differentiated from contemporaneous species 
of other genera with similar lanceolate leaves. 

Occurrence: Tuscaloosa formation, upper 
ravine on the Snow place, Tuscaloosa County, 
Ala. 

Collection: U. S. National Museum. 

LanrophyDani degans HoUlck. 
LaurojAylliim tUgant Hollick, The Cretaceous flon of 
Bouthem New York and New England, p. 81, pi. 27, 
figB. 1-5, 1907. 
Beny, U, S. Geol. Survey Prof. Paper 84, p. 53, 
pi. 12, fig. 6, 1914; Torrey Bot. Club Bull., vol. 43, 
p. 297, 1916. 

Leaves elongate-lanceolate, somewhat flex- 
uous, about 12 or 13 centimeters in length by 
about 2 centimeters in maximum width, which 
is about midway between the apex and the base; 
from this point they narrow gradually apicad 
into an attenuated acuminate and usually 
curved tip and basally into a long, narrowly 
cuneate base. Petiole and midrib stout. 
Secondaries numerous, usually less close and 
somewhat coarser than in LauropliyUum 7i«mZ- 
losum Hollick, branching from the midrib at 
acute angles below but becoming more open 
above the basal region of the leaf; they are 
usually more curved than those of LauropJiyl- 
lum nervUlosum and more distinctly campto- 
drome. Tertiaries transverse throughout. 

This species is certainly present in the upper 
beds of the Raritan formation at South Amboy, 
N. J., and is common in the Magothy forma- 
tion of Maryland. It is sparingly represented 
in the Black Creek formation of North Caro- 
lina and in the Middendorf arkose member of 
the Black Creek formation of South Carolina. 
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OcciuTence: Eutaw formation (Coffee sand 
member) , Coffee Bluff, Hardin County, Tenn. 
Collection: Johns Hopkins University. 

Order MTBTALES. 

Family MTBTAOEAB. 

GenuB EXTQENIA Liim6. 

Eni^enia tuscaloosensis Berry, n. sp. 

Plate XXVIII, figure 6. . 

Leaves of small size, lanceolate in outline, 
falcate, slightly inequilateral. Length ranging 
from 5 to 8 centimeters. Maximum width, 
which is in the lower half of the leaf, 1 to 1.3 
centimeters; from this point the leaf tapers 
gradually upward into a long, attenuated tip, 
forming a ''dripping point.'' Base narrowly 
cuneate. Margins entire. Petiole very stout 
and curved, about 7 millimeters in length. 
Midrib stout below, thinning distad, curved. 
Secondaries numerous, thin, ascending; they 
branch from the midrib at an acute angle, 
which is invariably less than 45°, and are 
straight at first, afterward curving upward, 
camptodrome. Texture coriaceous. 

Eugenia, which is a genus that contains 
more than 500 existing species, is commonly 
represented in all tropical countries. Five 
species, of which four are small trees, reach as 
far northward as southern Florida and the 
Bahamas. They are all coastal types, growing 
on the keys, where they commonly form the 
^' scrub" on coral rock, or in rich hammocks 
where the water table is near the surface, or 
on river or estuary banks near the coast. 

The number of fossil species which have 
been described is inconsiderable. The present 
species is the first to be recognized in the 
Coastal Plain. A very different form, Eugenia 
primaeva, has been described from the Dakota 
sandstone by Lesquereux.V With the excep- 
tion of these two the remainder of the species, 
numbering less than a dozen, are Tertiary in 
age and confined to Europe, although the genus 
is known to be present in the Eocene deposits 
of the Mississippi embayment. 

Occurrence: Tuscaloosa formation. Shir- 
leys Mill,, Fayette Coimty; Cottondale, Tusca- 
loosa County, Ala. 

Collections: U. S. National Museum. 

1 Lesqoereux, Leo, U. S. Oeol. Survey Moil. 17, p. 137, pi, 53, figs. 
6-0,1892. 



Eugenia? anceps Berry. 

Plate XXXII, figures 3-5. 

Eugenia f anceps Beny, Torrey Bot. Club Bull., vol. 43, 
p. 301, pi. 16, figs. 2-4, 1916. 

Coriaceous leaves of variable size and form, 
lanceolate or oblong-lanceolate in outline. 
Apex and base equally acuminate or the apex 
somewhat more attenuated. Margins entire. 
Length 7.75 to 10 centimetera. Maximum 
width, midway between the apex and the base, 
11 to 18 millimetera. Petiole enlarged, short 
and stout, 3 to 4 millimeters in length. Mid- 
rib stout. Secondaries thin, immersed in the 
leaf substance. 

This species is referred to Eugenia with con- 
siderable hesitation. The material is abun- 
dant but poorly preserved, and these leaves 
resemble a variety of forms referred to such 
genera as Saliz and LaurophyUum. 

Eugenia has furnished a species in the Tus- 
caloosa formation of Alabama, another in the 
Dakota sandstone of the western United 
States, and is not imcommon in the Eocene of 
the Mississippi embayment region. 

Occurrence: Ripley formation (McNairy 
sand member),' 2^ miles southwest of Selmer, 
McNairy County, Tenn. 

Collection: Johns Hopkins University. 

OenuB MTBOIA De OandoUe. 
Myrcia haranenris Berry. 

Plate XI, figure 4; Plate XXVIII, figure 7. 

Myrcia havanerms Berry, Torrey Bot. Club Bull., vol. 43, 

p. 300, 1916. 
Eucalyptus attenuata Ward (not Newberry), U. S. Geol. 

Survey Fifteenth Ann. Kept., p. 371, 1895. 

Leaves linear-lanceolate in outline, falcate, 
about 9 centimeters in length by 1 centimeter 
in maximum width, which is in the lower half 
of the leaf. Mai^ins entire. Apex gradually 
narrowed, acuminate. Base narrowly pointed, 
decurrent. Petiole very stout, tapering up- 
ward, 1.75 centimeters in length. Midrib 
stout, curved. Secondaries numerous, thin, 
somewhat irregularly spaced, 2 to 6 milli- 
meters apart, branching from the* midrib at 
angles of about 40®, running with but slight 
curvature to the well-marked and nearly 
straight longitudinal vein which forms a mar- 
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ginal hem less than 0.5 millimeter from the 
margin. Texture coriaceous. 

The present species is very close to some of 
the numerous forms which from time to time 
have been referred to Eucalyptua geinitzi 
(Heer) Heer. It is, however, distinct from 
that species, especially when compared with 
Heer's type or with the more typical American 
material. In general it is a smaller leaf, has 
a larger and longer petiole and an outline less 
inclined toward ovate, and is relatively much 
more produced apically. It is typically Myrcia- 
lik'e in all of its characters and is readily dis- 
tinguishable from the forms from the Tusca- 
loosa formation which have been referred to 
Eucciyptus geinitzi in this work. It is con- 
fined to the basal beds of the Eutaw formation 
in Hale County, Ala., and the Ripley forma- 
tion in western Tennessee, and takes its name 
from the town of Havana, near which the leaf- 
bearing laminated clays of this formation out- 
crop. A single specimen collected by R. T. 
Hill in 1891 at the big cut on the Southern 
Railway east of Pocahontas, Tenn., and iden- 
tified by Ward as Eucalyptas attenuata New- 
berry, proves to belong to this species. 

Occurrence: Eutaw formation (basal beds), 
2 miles south of Havana, Hale County, Ala. 
Ripley formatipn (McNairy sand member), 
Camden-Paris road, 13 miles northwest of 
Camden, Benton Coimty; big cut 1^ miles 
west of Cypress, 2^ miles southwest of Selmer, 
McNairy County, Tenn. 

Collections: U. S. National Musemn. 

Oenus EUCALTPTUS L'H€zitter. 
Eucalyptus latifolia Hollick. 

• 

EucalyptuB latifolia Hollick, The Cretaceous flora of 
southern New York and New England, p. 97, pi. 36, 
figs. 1-5, 1906. 
Beny, Torrey Bot. Club Bull., vol. 37, p. 26, 1910. 

Leaves elongate-ovate in outline, tapering to 
a somewhat abruptly attenuated and more or 
less curved or flexuous tip. Base cuneate. 
Length about 15 centimeters. Maximum 
width, about halfway between the apex and 
the base, about 5 centimeters. Midrib stout, 
flexuous. Secondaries thin, numerous, diverg- 
ing from the midrib at angles of 45** to 50**, 
nearly straight or flexuous, their tips joined by 



a mai^ginal vein. Margins entire. Texture 
subcoriaceous. 

These large leaves occur in the Magothy 
formation of Marthas Vineyard, Long Island, 
and Maryland. They are not imcommon at a 
single locality in the lower part of the Tuscar- 
loosa formation. Their relation to Eucalyptus 
is extremely doubtful, but a change of generic 
reference is not considered advisable at the 
present time. According to long-established 
usage, therefore, this species and Eucalyptus 
geinitzi and E, angusia are referred to the genus 
Eucalyptus, although it seems more probable 
that they represent the genus Myrcia of this 
same family, or its ancestral stock. 

Occurrence: Tuscaloosa formation, upper 
ravine on the Snow place, Tuscaloosa Coimty, 
Ala. 

Collection: U. S. National Museum. 

Eucalyptus geinitzi (Heer) Heer. 

Plate XXVIII, figure 8. 

Myrtopkyllum geinitzi Heer, Flora von Moletein in Mfihren, 
p. 22, pi. 11, figs. 3, 4, 1872; Flora foeailiB arctica, 
vol. 3, Abt. 2, p. 116, pi. 32, figs. 14-17, 1874. 

Eucalyptus geinitzi (Heer) Heer, Flora foasilis arctica, vol. 

6, Abt. 2, p. 93, pi. 19, fig. Ic; pi. 4, figs. 1, 13, 1885. 
Engelhardt, Naturwiss. Gesell. Isis in Dresden Abh. 

7, Jahrg. 1891, p. 102, 1892. 

Lesquereux, The flora of the Dakota group, p. 138, pi. 

37, fig. 20, 1892. 
Newberry, The flora of the Amboy clays, p. 110, pi. 

32, figs. 2, 12 (not figs. 15, 16), 1896. 
Hollick, New York Acad. Sci. Ann., vol. 11, p. 60, pi. 

4, figs. 1-3, 1898; The Cretaceous flora of southern 

New York and New England, p. 96, pi. 35, figs. 1^, 

10-12, 1906. 
Berry, New York Bot. Garden Bull., vol. 3, p. 87, pi. 

53, fig. 3, 1903; Torrey Bot. Club Bull., vol. 31, p. 

78, pi. 4, fig. 5, 1904; idem, vol. 33, p. 180, 1906; 

idem, vol. 34, p. 201, t)1. 15, fig. 4, 1907; Johns 

Hopkins Univ. Circ. new ser.. No. 7, p. 81, 1907; 

New Jersey Geol. Survey Bull. 3, p. 189, pi. 28, fig. 

7, 1911. 
Myrtopkyllum warden Lesquereux, The flora of the Dakota 

group, p. 136, pi. 53, fig. 10, 1892. 
Hollick, The Cretaceous flora of southern New York 

and New England, p. 97, pi. 35, fig. 13, 1906. 
Eucalyptus f angusti/olia Newberry, The flora of the Am- 
boy clays (not Desvaux, 1822), p. Ill, pi. 32, figs. 

1, 6, 7, 1896. 
Hollick, New York Bot. Garden Bull., vol. 3, p. 408, 

pi. 70, figs. 8, 9, 1904; The Cretaceous flora of 

southern New York and New England, p. 95, pi. 35, 

figs. 9, 14, 15, 1906. 
Berry, New Jersey Geol. Survey Bull. 3, pi. 28, fig. 5, 

1911. 
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Leaves lanceolate in outline, broadest near 
the middle and tapering almost equally in both 
directions to the acute apex and base. There 
is considerable variation in size, the South 
Carolina leaves averaging about 15 centimeters 
in length by 2.2 centimeters in greatest width. 
The petiole is very stout, as is the prominent 
midrib, which leaves a sharp groove in im- 
pressions showing the lower surface. Second- 
aries numerous, thin, branching from the mid- 
rib at angles of about 45** and running with but 
a slight cmv^ature to the marginal vein, which 
is either almost straight when the secondaries 
are close set or more or less bowed when the 
secondaries are some little distance apart, as 
they are in many specimens. 

Thi^ species has a wide range. It was 
described originally from the Cenomanian of 
Moravia and has since been recorded from a 
number of other European Cenomanian locali- 
ties, from the Atane beds of Greenland, the 
Dakota sandstone of the West, and from 
Marthas Vineyard to Alabama along the At- 
lantic coast. It ranges upward into the Black 
Creek formation of North Carolina and is not 
rare in the Middendorf arkose member of the 
Black Creek formation of South Carolina. In 
Alabama the species is not common, but this 
may simply be due to accidents of preservation. 

Occurrence: Tuscaloosa formation, upper 
ravine and big gully on the Snow place, Tus- 
caloosa Coimty; roadside southwest of North- 
port, Tuscaloosa County; near Maplesville, 
Chilton County, Ala. 

Collection: U. S. National Museimi. 

Eucalyptus angusta Yelenorsky. 

Eucalyptus angusta Velenovsky, Die Flora der bOhmischen 
Kreidefonnation, pt. 4, p. 3, pi. 3, figs. 2-12, 1885. 
Berry, U.S. Geol. Survey Prof. Paper 84, p. 119, pi. 
20, figs. 2-4, 1914. 

This species was recently discussed by me 
for the eastern Gulf area in the paper cited. 

It may well be doubted whether this and the 
preceding species are correctly referred to the 
genus Eucalyptus. Were it not for the havoc 
which woulcl be wrought with the synonymy 
and the obscuring of their bearing on geo- 
graphic distribution, I would refer these forms 
to the myrtaceous genus Myrda, which is so 
abimdant in the existing flora of tropical 



America and whose foliage is not distinguish- 
able from the adult leaves of Eucalyptua. 
Myrcia is represented in the Eocene floras of 
the Mississippi embayment by several species, 
some of which are imdoubtedly descended from 
these Upper Cretaceous species of so-called 
Eucalypivs. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee Coimty, Ga. 
Ripley formation (Cusseta sand member), 
near Buena Vista, Marion County, Ga. 

Collection : U. S. National Museum. 

Family COliBBETACSAE. 
Gknus CONOCABPTTES Berry, n. ^en. 

Leaves of small or medium size, lanceolate 
to ovate-lanceolate, and more or less falcate 
in outline, of a coriaceous texture, and com- 
parable in venation and all other features with 
those of the existing monotypic genus Cono- 
carpus Linn6 of the strand flora of tropical 
Africa and America. 

Conocarpites formosus Berry, n. sp. 

Plate XXVIII, figure 9. 

Leaves of medium size, about 7 centimeters 
in length by 2.5 centimeters in maximum 
width, which is halfway between the apex and 
the base. Outline ovate-lanceolate, slightly 
falcate, but the leaf is practically equilateral. 
Apex and base about equally acuminate. Peti- 
ole short and stout. Midrib stout, curved. 
Secondaries thin and for the most part im- 
mersed, five or six pairs, branching from the 
midrib at angles of more than 45°, curving up- 
ward, at length camptodrome. Tertiaries im- 
mersed. Texture coriaceous, the surface of 
the fossil form with the identical, somewhat 
granular appearance of the leaves in herbarium 
material of Conocarpus erectus. 

This species, in its venation, texture, and out- • 
line, is very close to the larger leaves of the 
single recent species of Conocarpus. 

The single recent species is widespread along 
low muddy or sandy tropical shores in Central 
and South America, and on the west coast of 
Africa (Guinea and Senegambia). It is said 
to occur in the Galapagos Islands on the 
Pacific coast of South America, and it extends 
northward from the West Indies to the Florida 
Keys and to Bermuda, where it is foimd on the 
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sand dunes. Its distribution is effected almost 
entirely through the agency of ocean currents. 
Not only is it a member of the ecologically 
specialized mangrove associations, but it is 
equally at home on sandy strand and dunes. 

The genus Conocarpus has been detected by 
the writer in the undescribed Eocene flora of 
the Wilcox group of the Mississippi embay- 
ment area, and a typical species has been de- 
scribed from the Jackson group of the Eocene 
deposits of Georgia.* Though it is unknown in 
European Tertiary deposits it is represented in 
that area by very similar leaves which are 
referred to the allied genus Eugenia. 

Occurrence: Tuscaloosa formation, Glen Al- 
len, Fayette Coimty, Ala. (collector, E. W. 
Berry). 

Collection: U. S. National Museum. 

Order TJMBELLALSS. 

FixnUy ASAUAOEAB. 

OenuB ARALTA Liim€. 

« 
Aralia cottondalenris Berry, n. sp. 

Plate XXVI, figures 1-3. 

Aralia wellingtoniana Ward, in Smith, On the geology 
of the Coastal Plain of Alabama, p. 348, 1894 (not 
Lesquerenx). 

Leaves of medium size, trilobate, ranging 
from 7 to 13 centimeters in length, by 6.5 to 
11 centimeters in maximum width, from tip to 
tip of the lateral lobes. Tips acute. Base 
broadly cimeate or roimded. Lobes conical, 
pointed, directed upward; the median the 
larger. Sinuses narrow, roimded, reachiAg 
about halfway to the base. Margins entire 
below, above somewhat irregularly crenate, 
approaching serrate in some specimens. Pri- 
maries three in number, from a point at or 
very near the extreme base, the laterals di- 
verging from the midrib at angles of about 
25°, running to the tips of the lobes. Sec- 
ondaries numerous, thin, approximately par- 
allel, craspedodrome. 

This species, which was confused by Ward 
with Aralia wellingtoniana Lesquereux, is 
conmion at the Cottondale locality, although 
most of the specimens are more or less frag- 

1 Berry, E. W., U. 8. Geol. Survey Prof. Paper 84, p. 147, pi. 29, figs. 
4-7, 1914. 



mentary. It may be distinguished from this 
well-known species by the shorter, more 
conical lobes, the rounded instead of the con- 
spicuously decmrent base, and the different 
character of the marginal teeth. It resembles 
somewhat Aralia looziana Saporta and Marion, 
a European lower Eocene sj>ecies recorded 
by Ward in the Fort Union formation of the 
West. 

Occurrence: Tuscaloosa formation. Cotton- 
dale, Tuscaloosa Coimty, Ala. 

Collection: U. S. National Museum. 

, AraUa entrnweoflis Berry. 

Aralia eutawensis Berry, U. S. Geol. Survey Prof. Paper 
84, p. 119, pi. 20, fig. 7, 1914. 

This species was recently described b'y me 
from the elastem Gulf area in the paper cited, 
and the discussion need not be repeated here. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga. 

Collection: U. S. National Museum. 
• 

Genus PANAX Liim€. 

Panax cretacea Heer. 

Plate XXVI, figures 4, 5. 

Panax cretacea Heer, Flora foasilifl arctica^ vol. 3, Abt. 2, 
p. 114, pi. 32, figs. 9, 9b, 9c, 9d, 10, 1874. 
Hollick, The Cretaceous flora of southern New York 
and New England, p. 160, pi. 38, fig. 7, 1906. 

Heer's original description, published in 
1874, is as follows'? 

P. fructibus bicarpellaribus, acheniis complanatis, 
rotundatisy subtiliasime regulosis. 

This httle fruit was described by Heer from 
rather well preserved material collected in 
the Atane beds of western Greenland. A single 
specimen of a form that appears to be identical 
with the Greenland material was recently de- 
scribed by Hollick, from the Magothy forma- 
tion of Gay Head, Marthas Vineyard. The 
species is also represented by a single specimen 
in the lower part of the Tuscaloosa formation. 
It is broadly obcordate in outline and is 5 
millimeters in total height by 6.5 millimeters 
in width. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 
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Fimilf COBNAOEAB. 

GknuB NTSSA Li]in€. 

NjBsa snowiana Lesqaereox. 

Plate XXVI, figure 6. 

Ny89a snowiana Leequereux, The flora of the Dakota group, 
p. 126, pi. 62, fig. 11, 1892. 

Leaves of relatively small size for this genus, 
broadly ovate in outline, abruptly contracted 
to a short acuminate tip, cuneate and finally 
slightly decurrent to the short, stout petiole. 
Length 5.5 centimeters. Greatest width, which 
is about halfway between the apex and the 
base, 3.3 centimeters. Petiole 6 millimeters 
long. Margins entire. Midrib rather stout, 
curved. Secondaries six to nine subopposite 
pairs branching from the midrib at angles of 
about 45° and sweeping upward in broad, 
gentle curves, camptodrome, as are their ter- 
tiary branches in the marginal part of the leaf. 

This material from Alabama is clearly iden- 
tical with that described by Lesquereux from 
the Dakota sandstone of Kansas, the type of 
which is in the collection of the University of 
Kansas (No. 935). These leaves in all of their 
characters are clearly referable to the Cor- 
naceae and are associated with striated fruits 
which have been named Nyssidium, One 
other Cretaceous species has been described by 
Newberry from the Dakota sandstone. 
Throughout the Tertiary Nyssa is represented 
by a variety of species widely distributed and 
extending to Alaska on the one hand and 
Spitzbergen on the other. These occurrc^nces 
are based for the most part upon characteristic 
fruits. There are a number of European spe- 
cies, some of which persist as late as the Pho- 
cene, although the genus is not represented in 
the existing flora of Europe. In North America 
the genus has always been well represented, the 
Tertiary lignites of Vermont in particular con- 
taining an extraordinary variety of fruits of 
this genus. In existing floras Nyssa is confined 
to the eastern United States, with five species, 
and southern Asia with two species. A number 
of these species occur in small areas, and all are 
mesophytic types, the majority being confined 
to low swamps, and to estuary, river, and pond 
margins, mostly near the coast, the center of 
distribution of the American species being 
Georgia. 

Occiurence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museum. 

* 65628^—19 9 



Gknus COBNOPHTLLUM Newberry. 

[U. S. Geol. Survey Mon. 26, p. 119, 1896.] 
Coniophylliim yetustnm Newberry. 

Comophyllum vetustum Newberry, The flora of the Amboy 
clays, p. 119, pi. 19, fig. 10, 1896. 
Berry, New Jersey Geol. Survey Bull. 3, p. 196, 1911. 

Leaves elliptical in outline, 7 to 8 centimeters 
in length by about 4 centimeters in maximum 
width, with an acute apex and base, the latter 
slightly decurrent and inequilateral. Margin 
entire, very slightly and inconspicuously im- 
dulate. Midrib slender and straight. Second- 
aries slender, about seven pairs, opposite or 
alternate, branching from the midrib at angles 
of about 45** and strongly curved upward, ap- 
proximately parallel and camptodrome; they 
increase in length from the apex to the base, 
the lower ones sweeping upward in strong 
arches paraDel with the margin and all drawn 
inward toward the apex. 

With the exception of the delicate and some- 
what flexuous character of the venation, these 
leaves are strictly comparable with those of 
ComuSj good species of which, very similar to 
this 'species, occur in the Dakota sandstone of 
the West, in Greenland, and in the Magothy 
formation of Maryland. Doubtless the Raritan 
species will eventuafly be referred to that genus, 
but meanwhile the present generic appellation 
is a sufficient index to its relationship. 

This species is rather rare, both in New Jer- 
sey and Alabama and, as indicated above, 
serves to ally them with somewhat yoimger 
formations. 

Occurrence: Tuscaloosa formation, Glen Al- 
len, Fayette County, Ala. 

Collections: U. S. National Museum (type 
from New Jersey in New York Botanical Gar- 
den). 

ComophyUam obtnsatum Berry, n. sp. 

Plate XXVI, figures 7, 8. 

Leaves of medium, or large size, elliptical or 
obovate in general outline, with a broadly 
rounded apex and a cuneate or slightly decur- 
rent base. Length ranges from 5.5 to 10 cen- 
timeters. Maximum width ranges from 3.3 to 
5 centimeters, halfway between the apex and 
the base. Margin entire, slightly repand in 
places. Petiole short and stout. Midrib stout 
and flexuous. Secondaries thin, five or six 
pairs branching from the midrib at angles of 
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45° or lees, usually less, and sweeping upward 
in long, more or less flexuous curves, approxi- 
mately parallel with the lateral margins, even- 
tually camptodrome, dbtinctly of the type 
usually associated with Comua, Rhamnus, or 
Berchemia. 

This new species is clearly aUied with Comus, 
the piincipal difference being that of outline 
and irr^ularity of venation. It differs from 
the only other known species of ComopkyUum, 
that from the Karitan formation of New Jersey, 
in its obtuse apex. Outside the lower part of 
the Tuscaloosa formation it is sparingly repre- 
sented in the Black Creek formation of North 
Carolina. 

Occurrence: Tuscaloosa formation, Cotton- 
dale, Tuscaloosa County, Ala. 
Collection: U. S. National Museum. 
Older IBICALBSI 
Yuailj IBICACKAEf 
Oenni ANDKOMXDA LiniiC. 
Andromeda novaecaesareaa HotUck. 
Plate XXX, figures 1,2. 
Andnmeda noixueoaareae HoUick, in Newberry, The flora 
of the Amboy clays, p. 121, pi. 42, figa. »-12, 28-31, 
18»6. 
Smith, On thegeologyof the Coastal Plain of Alabama, 

p. 34S, 1894. 
Beny, Torrey Bot. Club Bull., vol. 33, p. 181, 1906, 
idem, vol. 34, p. 204, 1907; idem, vol. 43, p. 301; 
1916; New Jersey Geoi. Survey Bull. 3, p. 204, 
pl.25;fig. 6, 1911. 

Leaves small, thick, and entire, with stout 
petioles and midribs and obscure secondary 
venation which is immersed in the thick 
lamina. Length 2.5 to 5 centimeters. Width 
varying from 0.9 centimeter to 1,3 centimeters. 
Venation, where visible, showing numerous 
parallel, camptodrome, relatively long and thin 
secondaries which branch from the midrib at 
acute angles. Though the majority of these 
leaves are equally acuminate at both ends there 
is considerable variation in this respect, and a 
well-marked tendency is shown m many speci- 
mens which are relatively broader, especially 
in thfl iinper half, toward an obtusely rounded 
I termination of the midrib showing 



as a small mucronate point. The base in these 
forms gradually narrows to the stout petiole. 
The variations in outline of this species are well 
shown in the figures reproduced in Newberry's 
monograph. The specimens collected from the 
South Atlantic Coastal Plain seem to have an 
obtusely roumied apex more commonly than 
those from New Jersey. 

In the Raritan formation this species is only 
known with certainty from the uppermost beds 
at South Amboy, N. J. It becomes more 
abundant in the overlying Magothy formation, 
occurring from New Jersey to Maryland in 
beds of this age. Farther south it is found as 
one of the typical fossils of the Black Creek 
formation in North Carolina, being a promi- 
nent but never abundant element in the dark 
liguitic laminated cla37S of the upper beds 
associated with Amucana, Cunninghamitea, 
Piitia, and other forms and a marine fauna. 

It occurs in the Middendorf arkose member 
of the Black Creek formation of South Carolina 
and is also present in Georgia. It has not 
been observed to be common in the Tusca- 
loosa formation, being only known from beds 
near the base. However, the abundance of 
this species at somewhat higher horizons in 
Georgia and Tennessee would indicate that 
its rarity in the Tuscaloosa deposits may be 
more apparent than real. 

It may well be questioned whether this and 
the following species of Andromeda should be 
referred to the Ericales. Certainly the pres- 
ent form has numerous points of contact with 
the leaves of Eugenia, which has been posi- 
tively recognized in the lower Ekicene floras 
of this general region and doubtfully from 
both the Tuscaloosa and Kipley formations. 

Occurrence: Tuscaloosa formation, Shirl^s 
Mill and Glen Allen (Ward's determination), 
Fayette County; big gully on the Snow place, 
Tuscaloosa County, Ala. Ripley formation 
(Cusseta sand member), near Buena Vista, 
Marion County, Ga. Eutaw formation (Coffee 
sand member), Coffee Bluff, Hardin County, 
Tenn. 

CoUectSons: U. S. National Museum. 
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Andromeda grandifolla Berry. 

Plate XXVII, figure 7. 

Andromeda grandi/olia Berry, Torrey, Bot. Club Bull., 
vol. 34, p. 204, pi. 15, fig. 3, 1907; New Jersey Geol. 
Survey Bull. 3, p. 205, pi. 26, figs. 1, 2, 1911. 

Andrwneda kUifolia Newberry, The flora of the Amboy 
clays, p. 120, pi. 33, figs. 6-8, 10 (not fig. 9); pi. 34, 
figs. 6-11, pi. 34, fig. 10, 1896 (not Wright). 
Smith, On ^e geology of the Coastal Plain of Ala- 
bama, p. 348, 1894. 
Hollick, New York Bot. Garden Bull., vol. 3, p. 
416, pi. 79, fig. 3, 1904; The Cretaceous flora of 
southern New York and New England, p. 100, pi. 
39, fig. 1, 1906. 

Leaves thick and coriaceous, varying con- 
siderably in size and shape. From 4 to 20 
centimeters in length, by 1.5 to 7 centimeters 
in width. Ovate-lanceolate in outline with 
an entire, usually somewhat imdulate or un- 
symmetric margin. Apex obtusely pointed 
or in some specimens roimded. Base some- 
what wedge-shaped. Midrib and petiole very 
stout. Secondaries relatively few, 6 to 8 
pairs, stout and flexuous, branching from the 
midrib at acute angles and sweeping upward 
in long curves, eventually inosculating to 
complete the strictly camptodrome venation. 

This species occurs from the lower part of 
the Raritan formation of New Jersey to the 
top of the eastern leaf-bearing Cretaceous. 
It is a conmion fossil in the Magothy forma- 
tion, the Black Creek formation of North 
Carolina, and the Tuscaloosa formation of 
Alabama. It is larger, relatively broader, 
and less regular than Andromeda parlatorii 
Heer. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, upper ravine on the Snow 
place, Fayette Coimty; imiversity grounds, 
Tuscaloosa, Tuscaloosa County, Ala. 

Collection: U. S. National Museum. 

Andromeda parlatorii Heer. 

Andromeda parlatoni Heer, Phyllites cr^tac^ du Ne- 
braska, p. 18, pi. 1, fig. 5, 1866; Flora foasilis arctica, 
vol. 3, Abt. 2, p. 112, pi. 32, figs. 1, 2, 1874; idem, 
vol. 6, p. 79, pi. 21, figs, lb, 11; pi. 42, fig. 4c, 1882. 

Leequereux, The Cretaceous flora, p. 88, pi. 23, figs. 
6, 7 ; pi. 28, fig. 15, 1874 ; The flora of the Dakota group, 
p. 115, pi. 19, fig. 1; pi. 42, fig. 6, 1892. 

Newberry, The flora of the Amboy clays, p. 120, pi. 31, 
figs. 1-7; pi. 33, figs. 1, 2, 4, 5, 1896. 

Smith, On the geology of the Coastal Plain of Alabama, 
p. 348, 1894. 



Hollick, New York Acad. Sci. Ann., vol. 11, p. 420, 
pi. 37, figs. 1-4, 1898; The Cretaceous flora of south- 
em New York and New England, p. 101, pi. 39, 
figs. 2-5, 1906. 
Berry, New York Bot. Garden Bull., vol. 3, p. 97, pi. 1, 
figs. 1^, 1903; Torrey Bot. Club Bull., vol. 31, 
p. 79, pi. 1, figs. 1, 2, 1904; idem, vol. 33, p. 181, 
1906; idem, vol. 34, p. 203, pi. 15, fig. 2, 1907; Johns 
Hopkins Univ. Circ., new ser.. No. 7, p. 81, 1907; 
New Jersey Geol. Survey Bull. 3, p. 206, pi. 27, 
figs. 1-4, 1911. 

Prunuaf parlatorii (Heer) Lesquereux, Am. Jour. Sci., 4th 
ser., vol. 36, p. 102, 1868. 

Leucothoe parlatorii (Heer) Schimper, Pal^ontologie v6g^ 
tale, vol. 3, p. 11, 1874. 

Leaves ovate-lanceolate in outline, with a 
long and gradually narrowed apex, and a 
broad, somewhat rounded but finally cuneate 
or slightly decurrent base. Petiole and midrib 
stout. Length about 10 to 12 centimeters. 
Maximum width about 3 centimeters in the 
lower half of the leaf. Secondaries numerous, 
rather thin, subparallel, branching from the 
midrib at acute angles, long and ascending, at 
length camptodrome. Tertiaries mostly 
straight, transverse. There is considerable 
variation in the size of these leaves and in the 
angles which the secondaries form with the 
midrib, and consequently in their length and 
degree of curvature. Some of the specimens 
approach closely in appearance to the small 
leaves of Andromeda ffrandifolia Berry, which 
are more slender and apically attenuated than 
the normal-sized leaves of that species. 

This species was first described by Prof. 
Heer in one of the earUest published accoimts 
of the Dakota sandstone flora, and it has since 
been found to have a wide geographic range. 
It is one of the commonest fossils in the Dakota 
sandstone, having been recorded from Minne- 
sota, Kansas, and Nebraska. In eastern North 
America it is recorded from the Atane beds of 
Greenland, the Magothy formation on Marthas 
Vineyard, the Raritan formation of New Jersey, 
the Magothy formation of New Jersey, Dela- 
ware, and Maryland, the Black Creek forma- 
tion of North Carolina, and the Middendorf 
arkose member of the Black Creek formation 
of South Carolina. In Alabama it is common 
in the Tuscaloosa formation and extends into 
the lower beds of the Eutaw formation in Hale 
County. 

The genus Andromeda of Linn 6 has been 
much segregated by the subsequent taxon- 
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omists, and this is reflected in Schimper's pro- 
posal to refer this species to the genus Leu- 
•cothoe. However, the more comprehensive 
name has obvious advantages for the paleo- 
botanists in deaUng with material where it is 
impossible to discriminate between the erica- 
eeous genera with any degree of accuracy. 

Occurrence: Tuscaloosa formation, Glen Al- 
len and Shirleys Mill, Fayette County; uni- 
versity grounds, upper ravine and big gully on 
the Snow place, Cottondale, and gully at Tus- 
caloosa Coimty, Ala. Eutaw formation (basal 
beds), 2 miles south of Havana, Hale Coimty, 
Ala. 

Collection: U. S. National Museum. 

Andromeda wardiana Lesquereux. 

Plate XXVII, figure 6. 

Andromeda wardiana Lesquereux, The flora of the Dakota 
group, p. 119, pi. 64, fig. 17, 1892. 
Berry, U. S. Geol. Survey Prof. Paper 84, p. 120, pi. 
24, fig. 3, 1914. 

Leaf narrowly elliptical in outUne, with an 
entire mai^in. Apex and base about equally 
narrowed, the former blimtly roimded. Size 
somewhat variable. Length 4.7 to 6.5 centi- 
meters. Maximum width 2 to 2.5 centime- 
ters about halfway between the apex and the 
l>ase. Midrib thin but prominent. Seconda- 
ries thin, five or six subparallel pairs diverging 
from the midrib at angles of about 40°, ascend- 
ing, eventually camptodrome. 

The type of this species came from the Da- 
kota sandstone of Ellsworth C!ounty, Kans., 
and constituted the only known occurrence 
until a few years ago, when I collected it at the 
base of the Eutaw formation in western 
Georgia. The present occurrences are from 
the basal part of the Tuscaloosa formation near 
Shirleys Mill, Ala., and from a horizon in north- 
eastern Mississippi which is nearly equivalent 
to the one in Geoi^a. 

Occurrence: Tuscaloosa formation, cut on 
Southern Railway If miles east of luka, Tisho- 
mingo County, Miss, (collected by L. W. 
Stephenson); Shirleys Mill, Fayette County, 
Ala. (collected by E. W. Berry). Eutaw for- 
mation (basal beds), McBrides Ford, Chatta- 
hoochee County, Ga.; (Coffee sand member), 
Goffee Bluff, Hardin Coimty, Tenn. 

Collection: U. S. National Museum* 



Andromeda cretacea Lesqiiereiix (?). 

ATtdnymeda cretacea Leequereux, The flora of the Dakota 
group, p. 117, pi. 17, figs, 17, 18; pi. 24, t^, 5, 1S92. 
Berry, U. S. Geol. Survey Prof. Paper 84, p. 120, pi. 
24, fig. 2, 1914. 

The probable occurrence of this species in the 
eastern Gulf area was recently discussed by 
me in the paper cited above and need not be re- 
peated here. 

Occurrence: Eutaw formation (basal beds), 
McBrides Ford, Chattahoochee County, Ga. 

Collection: U. S. National Museima. 

Genus DXBMATOPHYLIJTES Ooeppert 
Dermatophyllites acntus Heer. 

Plate XXVII, figure 8. 

Dermatophyllites acutus Heer, Flora fossillB arctica, vol. 6, 
pt. 2, p. 80, pi. 42, fig. 7, 1882. 

Heer's description of this species, published 
in 1882, is as follows: 

D. foliifl minutis, coriaceis, anguste lanceolatis, apice 
acute acuminatis, basim versus attenuatis, integerrimis, 
nervo medio valido, nervis eecundariis nuUis. 

Heer referred this tiny leaf, along with an- 
other species from the same horizon, to the 
genus Dermatophyllites, established by Goep- 
pert for several Tertiary species of Ericaceae. 
Heer^s species certainly occurs in the Tuscaloosa 
formation, showing that it had a very extensive 
latitudinal range. The indicated botanic aflin- 
ity is entirely problematic, so that the name 
stands as given by the original describer. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Genus ITALMfA Ll2m€ (?). 

Kalmia brittoniana HoUick. 

Kalmia brittoniana Hollick, New York Acad. Sci. Trans., 
vol. 12, p. 34, pi. 2, figs. 6-8, 1892; The Cretaceous 
flora of southern New York and New England, p. 100, 
pi. 39, figs. 8, 9, 1906. 
Berry, Torrey Bot. Club Bull., vol. 34, p. 204, 1907. 

Leaves of small size, petiolate, oblong-ellip- 
tical in general outUne, with a rounded apex 
and a cuneate base. Length about 2.75 centi- 
meters. Maximimi width 6 or 7 millimeters 
in the middle part. Midrib prominent. Sec- 
ondaries obsolete. Texture coriaceous. 

This smaU-leafed species was described by 
Hollick from the Raritan formation on Staten 
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Island and subsequently recorded by me from 
the Black Creek formation of North Carolina. 
I do not believe that there is any foundation 
for its reference to the genus Kalmia or even to 
the Ericaceae. It probably represents some 
Upper Cretaceous species of Proteaceae or 
Myrtaceae. 

Remains identical with the type are present 
in the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Shirle}^ 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Order FBUCULALES. 

Family MTBSINACSAE. 

QenuB MTBSnfB Ll2m€. 

Myrsine gaadini (Lesquereox) Berry. 

Myrsiniteaf gaudini Leequereiix, The flora of the Dakota 
group, p. 115, pi. 52, fig. 4, 1892. 

Myrsine gaudini (Lesquereux) Berry, Torrey Bot. Club 
Bull., vol. 36, p. 262, 1909; New Jersey Geol. Sur- 
vey Bull. 3, p. 210, pi. 24, figs. 3, 4, 1911. 

Myrtine eUmgata Newberry, MSS. Hollick, Torrey Bot. 
Club Bull., vol. 21, p. 54, pi. 177, fig. 2, 1894; New 
York Acad. Sci. Ann., vol. 11, p. 420, pi. 38, figs. 
3, 4b, c, 1898; The Cretaceous flora of southern 
New York and New England, p. 102, pi. 8, fig. lb; 
pi. 39, figs. 13, 14, 1906. 
Newberry, The flora of the Amboy clays, p. 122, pi. 22, 
figs. 1-3, 1896. 

Leaves oblanceolate or elongate-obovate in 
outline, 5.5 to 7 centimeters in length by 1.9 
to 2.5 centimeters in greatest width. Margins 
entire. Apex obtusely roimded. Base some- 
what elongated, narrowly cimeate. Petiole 
present, stout. Midrib stout below, diminish- 
ing in caliber in a short distance. Secondaries 
numerous, 8 to 10 pairs, alternate, branching 
from the midrib at angles of 40^ to 45®, camp- 
todrome. When tertiary venation is dis- 
tinctly preserved, the venation is more typical 
of the genus than when only the secondaries 
are partly visible. This species is well dis- 
tributed in the Ran tan formation of New Jersey 
and has been recorded also from Long Island 
and Staten Island. The identification of Myr- 
ainitesf gaudini Lesquereux, with the eastern 
forms with which it is obviously identical, ex- 
tends the range eastward from Kansas to Long 
Island. It may be readily distinguished from 
the other species of Myrsine by its relatively 
narrow, elongated form. It is present in the 
Black Creek formation of North Carolina and 
in the Middendorf arkose member of that 



formation in South Carolina. It is not abun- 
dant in the Alabama Cretaceous and is only 
present in the basal beds of the Tuscaloosa 
formation in western Alabama. 

Occurrence: Tuscaloosa formation, roadside 
southwest of Northport, Cottondale, Tusca- 
loosa Coimty; Glen Allen, Fayette County, 
Ala. 

Collection: U. S. National Museum. 

Myrsine borealis Heer. 

Myrsine borealis Heer, Flora foasiUs arctica, vol. 3, Abt. 2, 

p. 113, pi. 32, fig. 23, 1874; idem, vol. 6, Abt. 2, 

p. 81, pi. 24, figs. 7b, 8; pi. 27, fig. lb; pi. 44, fig. 

5a; pi. 46, figs. 19, 20, 1882. 
WTiite, Am. Jour. Sci., 3d ser., vol. 39, p. 98, pi. 2,, 

fig. 6, 1890. 
Smith, On the geology of the Coastal Plain of Alabama^ 

p. 348, 1894. 
Newberry, The flora of the Amboy clays, p. 122^ 

pi. 24, figs. 4-6, 1896. 
Hollick, Geol. Soc. America Bull., vol. 7, p. 13, 1895; 

The Cretaceous flora of southern New York and 

New England, p. 102, pi. 39, figs. 10, 11, 1906. 
Berry, New Jersey Geol. Survey Bull. 3, p. 208, 

pi. 24, fig. 2, 1911. 
Diospyroi rotundi/olia Lesquereux. Hollick, Torrey Bot. 

Club Bull., vol. 21, p. 53, pi. 179, fig. 2, 1894. 

Heer'd original description of this species, 
published in 1874, is as follows: 

M. foliis ovatis (?), integerrimis, nervis secundariia 
numerosis, approximatis, ramosis, camptodromis. 

Leaves ovate-elliptical in outline, obtuse! j 
rounded above and slightly cuneate below, 
2.6 to 5 centimeters in length by 1.2 to 3 centi- 
meters in maximum width, with a stout 
petiole about 1 centimeter in length. Margins* 
entire. Texture coriaceous, more or less ob« 
scuring the venation. Midrib stout. Sec- 
ondaries rather stout, five to eight alternate 
pairs, parallel, branching from the midrib at 
acute angles, camptodrome. Tertiaries fine, 
forming an inosculating series of elongated 
meshes, more or less parallel with the sec^ 
ondaries. In specimens in which the tertiary 
venation is visible the appearance is very 
different from that shown in Newberry's fig- 
ures, where only the secondaries are seen. 
Newberry's specimens may be compared with 
the similarly preserved leaves from Green* 
land, figured by Heer.* 

This species was described originally from 
the Atane beds of Greenland by Heer and was 

1 Heer, Oswmld, Flora fossilis arctica, vol. 6, pi. 24, fig. 8; pi. 44, flg. Sm,. 
1882 
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subsequently collected in considerable abun- 
dance from the Raritan formation in New 
Jersey. It has also been recorded from 
Marthas Vineyard and Long Island, and from 
the Black Creek formation in North Carolina. 
In Alabama, so far as known, it is confined to 
the lower part of the Tuscaloosa formation of 
Fayette County, where it is not especially 
common. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Glen Allen, Fayette County; big gully 
on the Snow place, Tuscaloosa Comity, Ala. 

Collection: U. S. National Museum. 

Order SBENALES. 

FlxnUy SBENACSAE. 

Genus DIOSP7BOS L1nn6. 

Dio6pyro6 primaeya Heer. 

Plate XXX, figure 3. 

Dio9pyroi priTnaeva Heer, PhyUitee cr^tac^ du Ne- 
braska, p. 19, pi. 1, figs. 6, 7, 18C6; Flora foesiliB 
arctica, vol. 6, Abt. 2, p. 80, pi. 18, fig. 11, 1882; 
idem, vol. 7, p. 31, pi. 61, figs. 5a, b, c, 1883. 

Eoglehardt, Naturwias. Geeell. Isis in Dreeden 
Abh. 7, Jahrg. 1891, p. 98, 1892. 

Lesquereux, The flora of tho Dakota group, p. 109, 
pi. 20, figs. 1-3, 1892. 

Smith, On the geology of the Coastal Plain of Ala- 
bama, p. 348, 1894. 

Newberry, The flora of the Amboy clays, p. 124, 
pi. 30, iga, 1-6, 1896. 

Knowlton U. S. Geol. Survey Twenty-first Ann. 
Rept., pt. 7, p. 317, pi. 39, fig. 3, 1901. 

Berry, Torrey Bot. Club Bull., vol 32, p. 46, pi. 2, 
1906; idem, vol. 34, p. 204, 1907; idem, vol. 38, 
p. 417, 1911; New Jersey Geol. Survey Bull. 3, 
p. 211, pi. 29, fig. 1, 1911. 

Hollick, The Cretaceous flora of southern New York 
and New England, p. 103, pi. 42, figs. 2, 11, 1906. 

Leaves oblong-ovate in outline, variable 
according to age, ranging from 3 to 15 centi- 
meters in length, by 1.3 to 6 centimeters in 
greatest width, which is in the middle part of 
the leaf. Apex acute or obtuse. Base cuneate. 
Margins entire. Petiole rather long and very 
stout. Midrib also stout. Secondaries 
branching from the midrib, generally at acute 
angles, subopposite or alternate, parallel 
camptodrome. Tertiaries forming polygonal 
areoles whose relative prominence is one of 
the features of this species. 

This species, which is quite suggestive of the 
modern Diospyroa virginiana Linn6, was do- 
scribed by Heer from the Dakota sandstone 



of Nebraska nearly half a century ago. It has 
proved to be a form of very wide range, having 
been identified at both the Atane and Patoot 
horizons in Greenland and from the Ceno- 
manian of Niederschoena in Saxony; from 
various locaUties within the Dakota sandstone, 
including its southern extension, the Wood- 
bine sand of Texas; and with the exception 
of the fragments from Marthas Vineyard and 
Long Island, which are of questionable identity, 
it is common in the Raritan and Magothy for- 
mations, or homotaxial equivalents, from 
New Jersey to Alabama. 

Its most marked character is the prominence 
of its tertiary areolation. It is common at 
various locaUties in the lower part of the 
Tuscaloosa formation of western Alabama and 
continues upward into those beds in Hale 
Coimty which have been placed in the basal 
portion of the Eutaw formation and into the 
Coflfee sand member in Tennessee. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette County; Cotton- 
dale; gully at Tuscaloosa, Tuscaloosa Coimty, 
Ala. Eutaw formation (basal beds), 2 miles 
south of Havana, Hale Coimty, Ala.; (Coffee 
sand member), Cofffee Bluff, Hardin County, 
Tenn. 

Collection: U. S. National Museum. 

DioBP3rro8 amboyensis Berry. 

Plate XXVII, figure 6. 

PhylliUs ellipticut Newberry, The flora of the Amboy 

clays, p. 130, pi. 24, fig. 9, 1896. 
Dio$pyro$ amhoyensis Berry, Torrey Bot. Club Bull., vol. 

36, p. 262, 1909; New Jersey Geol. Survey Bull. 3, 

p. 212, pi. 29, fig. 5, 1911. 

Leaves elliptical in outline, large, 8 to 9 
centimeters long by 4.6 to 5 centimeters wide; 
margin more or less undulate; apex slightly 
narrowed, rounded, almost retuse; base broadly 
roimded, thus differing from the wedge-shaped 
base of Diospyros primaeva Heer ; midrib strong, 
although not so strong as in D. primaeva; sec- 
ondaries thin, numerous, 8 to 10 pairs, regular, 
leaving the midrib at an angle of about 45®, 
camptodrome; tertiary venation of large po- 
lygonal meshes, finer in caliber than in D. 
pnmaeva. 

The type was a single specimen from the 
Raritan formation at Woodbridge, N. J. 
Similar remains are sparingly represented in 
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the collections from the basal beds of the Tus- 
caloosa formation. One of the leaves which 
Heer identifies from Atane schists of Green- 
land as Populus Jiyperhorea,^ though the apex 
is partly destroyed and the tertiaries are not 
shown, is very similar to the species mider dis- 
cussion. This similarity does not extend, 
however, to the other leaves identified as this 
species. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette Coimty, Ala. 

Collection: U. S. National Museum. 

Diospyros rotimdifolia Lesqnerenx. 

Plate XX^^I, figure 4; Plate XXX, figures 4, 5. 

Diospyros rotundifolia I^eequereux, The Cretaceous flora, 
p. 89, pi. 30, fig. 1, 1S74; The flora of the Dakota 
group, p. 112, pi. 17, figs. 8-11, 1892. 
Berry, New Jersey Geol. Survey Ann. Bept. for 1905, 
p. 139, 1906; Torrey Bot. Club Bull., vol. 33, p. 181, 
1906. 

Leaves entire, variable in size, 4 to 10 centi- 
meters in length, by 2 to 7 centimeters in maxi- 
mum width, which is in the middle part. Out- 
line broadly oval or elliptical. Apex broadly 
roimded. Base similarly rounded or some- 
what narrowed and pointed. Petiole and mid- 
rib stout. Secondaries 6 or 7 pairs, branching 
from the midrib at angles of 50° to 60**, arched, 
camptodrome. Texture subcoriaceous. Ven- 
ation less prominent than in Diospyros primaeva 
Heer. 

This species is a characteristic element in the 
post-Raritan flora of the Atlantic Coastal 
Plain, although at times it is liable to be con- 
fused with Myrsine horealis Heer, or with some 
of the smaller, more orbicular, entire leaves of 
Populus. The venation is markedly different, 
however. 

Diospyros rotundifolia was described origi- 
nallyf rom the Dakota sandstone of Kansas, and 
it is common in the Magothy formation in New 
Jersey, Delaware, and Maryland. In South 
Carolina it has only been found at a single 
locality in the Middendorf arkose member of 
the Black Creek formation. It is not rare in 
the lower part of the Tuscaloosa formation of 
western Alabama. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Glen Allen, Fayette Coimty, Ala. 

Collections: U. S. National Museum. 

iHeer, Oswald, Flora fossilis arctica, vol. 3, Abt. 2, pi. 29, tigs. 6, 18, 
1874. 



FamUy SAPOTACEAE. 

Genus SAPOTACITBS Ettingsliaiiseii. 

Sapotacites ettingshaufieni Berry, h. sp. 

Plate XXIX, figure 7. 

Leaves inversely triangular in general out- 
line with a broad, slightly emarginate apex, 
roimded at the outer angles, and a cuneate 
base, about 4 centimeters in length by 4 to 5 
centimeters in maximimi width, which is at or 
above the middle. The margins are entire, 
straight below and full above, the apical mar- 
gin slightly undulate and somewhat emarginate 
at apex of the midrib. Texture somewhat 
coriaceous. Petiole short or wanting. Midrib 
stout. Secondaries thin, three or four oppo- 
site or subopposite pairs. They branch from 
the midrib at angles of about 45° and pursue 
a slightly curved course almost to the mar- 
gin, where they curve upward to join a lateral 
branch of the secondary next above. Ter- 
tiaries fine, arched along the margins; inter- 
nally they are mostly transverse, forming some- 
what irregular rectangular areoles. 

This species is named in honor of the late 
Baron von Ettmgshausen, who founded this 
genus in 1853 for those fossil leaves which are 
referable to the family Sapotaceae but which 
it is impossible to assign definitely to any of 
the existing genera. Perhaps a score of such 
species have been described. These range in 
age from the mid-Cretaceous of Europe and 
America through the Tertiary. The present 
species somewhat resembles certain genera of 
the Legmninosae, for example Colutea and 
Amicia, It is also much like the East Indian 
species Mimusops ohovcUa. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collection: U. S. National Museiun. 

Sapotacites shirleyensis Berry, n. sp. 

Plate XXVIII, figure 11; Plate XXIX, figures 4-6. 

Leaves rather small in size, elliptical in gen- 
eral outline, with a deeply emarginate apex 
and sUghtly decurrent base. Length 3.3 cen- 
timeters along the midrib, 4 centimeters from 
a line connecting the tips of lateral wings to the 
base, about 3 centimeters or slightly less in 
maximum width, which is about midway be- 
tween the apex and the base. Margin entire, 
I full and rounded, the apical lateral angles 
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directed upward and rounded. Apical sinus | of the Mn«ra Rum^n^ a i,- 



uuevi<vu u^TTo^u »uu luiuiueu. Apical sinus 
extending one-fifth to one-sixth of the distance 
to the base, its margins nearly straight, form- 
ing an angle of about 65°. Petiole short or 
wanting. Midrib stout. Secondaries thin, 
two or three alternate pairs, branching from the 
midrib at angles of about 45° and curving up- 
ward parallel with the lateral margin, eventu- 
ally cainptodrome. Tertiaries thin, arched 
along the margins and forming rectangular 
meshes intcmaUy. These are more regular and 
smaller than in Sapotacites ettingshauseni. 

The present species, though different in gen- 
eral appearance, is close to SapotacUes ettings- 
hauseni, differmg in the elhptical instead of 
triangular outline, the fuU margins, rounded 
base, deep apical smus, and alternate curved 
secondaries, features which would be largelv 
dupUcated if the tips in that species were 
directed upward instead of outward and 
brought toward each other in the line of the 
midrib. The present species resembles some- 
what various described fossil species which 
have been referred to the genus Colutea, more 
especially Colvtea protogaea Heer of the Green 
land Cretaceous. However, the two species are 
beheved to be perfectly distinct. I consider it 
undoubtedly ancestral to a common form of the 
lower Eocene of the Mississippi embayment 
area, which I have described in manuscript as 
a species of Bumelia. 

Occurrence; Tuscaloosa formation, Shirlevs 
Mill, Fdyette County, Ala. ^ 

CoUection: U. S. National Museum. 



liir^. ♦!. f t — -^trnusops, IS much 

hke the forms from the Dakota sandstone 

cordatu^ Heer.» The latter is described by 
I^uereux as Bumelia marcamm;' it is most 
like the present species but is broader toward 
^e apex and more narrowed toward the base 
with thinner venation and texture and more 
ntT T\ ^«^^^*>^*«* is veiy Sim- 
Jar to the Rantan species, Populu, orbdulana 
(Newberry) Beiry.^ and is also much like se^ 
era! lower Eocene species collected in the em- 
bayment area, which will be described by the 
writer as species of Bumelia and Mirnjpst, 
a subsequent publication. Some of thesfaJ^ 

]:ZT '' ^"^^^ ''^" *^« '^po^^ 

Occurrence: Tuscaloosa formation, Shirlevs 
Mdl, Fayette County, Ala. ^^wrieys 

CoUection: U. S. National Museum. 



Sapotadtes formomu Berry, n. sp. 
Plate XXX, figure 6. 

Leaves of medium size, broadly elliptical in 
general outline, with a broadly rounded or 
ahghtly retuse apex, and a broad more or less 
decurrent base. Length about 4.75 centi- 
meters. Maximum width, in the middle part 
of the leaf, about 3.25 centimetere. Margins 
entu-e, evenly rounded. Leaf substance thick 
and coriaceous. Petiole short and stout. Mid- 
rib very stout, especiaUy proximad, somewhat 



Order OXmiAKALXS. 

^*»lly ASCLSPIADACBAE. 

Oenus ACESATES NUsson. 

Acerates amboyensis Berry. 

Acerau, a^^ Berry Torrey Bot. Club Bull., vol. 3«. 

clays, p. m, pi. 32. fig. 17; p,. 4I. fig,. 4. 5. 1^ 

Wes narrow and elongated, somewhat fal- 

iZ. ^^i'"^*^)^ ^ *° ^ millimeters in maxi- 
mum width, gradually narrowed above a^d 
cuneate below Maigins entire, somewhat un- 
tWck i \^ *PP«^rentJy wanting. Textm-e 
thick Secondanes numerous, rather angular 
branching from the midrib at acute3L' 
camptodrome. ""S^es, 

N^U '^"^-"^'•^fJ «P««es was described by 
lZ.7^ 7v *^rPP^" P""-* «f *he RaritaJ 

[t rl' Rl ?Z ^tr^'' «"^ ^ ^''^^ detected 
t m the Black Creek formation of North Caro- 

hna, and several species of Acerates have been 
described by Prof. Heer from the Cretace^^ 
deposits of western Greenland. 
Though not common, unmistakable remains 



flexuous. Secondaries stout, five or six alter- , .J?"?^ "°* common, unmistakable remains 
nate, irregularly spaced pairs; they diverge **^ ^^'''^' ^^«ar'y allied to the modem 

7««o "^^^ ** "^^^ ""e'*^' between 60° ~ Newb„ry. j. a.. The i.t«r oxtfact flo», 0/ M ^K -; 

and 65«, and are camptodrome in the marginal *^i '""«' ""^ »' p- « p' tt m^"' ""^ ^°^- ^- «• 
region. This species, which is clearly aUiTto '^^tML.^,^ ^ „ ^^^ 



XCK.V.U. inis species, which is clearly allied to 
various modem species of Sapotaceae, especially 
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representatives of this genus, are present in 
western Alabama. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County; Sanders Ferry Bluff, Tus- 
caloosa County, Ala. 

Collections: U. S. National Museum. 

Order POLBMONIALBS. 

FamUy BOSBAQINACXAE. 

Qenus COBDIA Liim€. 

Cordia apiculatm (HoDick) Berry, n. comb. 

Plate XXX, figures 7, 8. 

Populus apiculata Hollick, New York Acad. Sci. Trans., 

vol. 12, p. 4, pi. 3, fig. 2, 1892; The Cretaceous flora 

of southern New York and New England, p. 49, 

pi. 7, figs. 28, 29, i906 (?). 
Smith, On the geology of the Coastal Plain of Alabama, 

p. 348, 1894. 
Newberry, The flora of the Amboy clays, p. 65, pi. 15, ' 

figs. 3, 4, 1896. 
Berry, Torrey Bot. Club Bull., vol. 33, p. 172, 1906; 

New Jersey Geol. Survey Bull. 3, p. Ill, pi. 11, 

fig. 4, 1911. 

Leaves variable in size and shape, ovate to 
orbicular in general outline, 5 to 10 centimeters 
in length by 3 to 7 centimeters in maximum 
width, which is at or below the middle. Apex 
usually somewhat abruptly produced into an 
acuminate tip. Base cimeate and slightly de- 
current to rounded or almost truncate. Mar- 
gins entire, in some specimens slightly repand. 
Petiole of medium length, stout. Midrib 
rather' stout, commonly flexuous. Second- 
aries, 5 or 6 pairs, subopposite below, alter- 
nate above, slender, branching from the mid- 
rib at angles of 45® to 50® and arching upward, 
camptodrome. Tertiaries camptodrome in the 
marginal region, percurrent internally. 

Newberry, the original describer of this 
species in manuscript, compared it with 
Populus Jiyperborea Heer and P. herggreni 
Heer but seemed doubtful of its real relation 
to Populus. This doubt seems to be well 
foimded, for though these leaves are not imlike 
those usually referred to the genus Populus, 
this assumed relationship has by no means 
been proved for a number of the Upper Cre- 
taceous forms so identified. Though it is not 
impossible that species of Populus may have 
flourished in the Gulf region during Tusca- 
loosa time, the association of a number of 
forms whose descendants are tropical led to 
an extended search among existing tropical 
American forms with the result that the pres- 



ent species is referred to the genus Cordia, 
which has more than 200 existing species of 
the Tropics, and warmer extratropicfiJ regions 
of both hemispheres, the majority being Amer- 
ican and several reaching the Florida Keys, 
the Bahamas, and the valley of the Rio Grande. 
The fossil species in all its characters suggests' 
most strongly the existing Cordia sebestena 
Liim6 which ranges from the Bahamas and 
Florida Keys to New Guinea in sandy soil not 
far from the coast. It also suggests Cordia 
tremula Grisebach of the West Indies, and 
there is a general generic likeness to other 
existing species of this genus. Leaves of the 
Cordia are variable and tend to have more or 
less toothed margins, as in some individuals of 
Cordia sebestena, but they are in general entire 
or slightly repand and Uke the fossil somewhat 
variable. Cordia is certainly represented in 
the lower Eocene flora of the Giilf region by 
forms that may be descendants of this Upper 
Cretaceous species. The present form has 
also been recorded from Staten Island and 
Long Island, from the Magothy formation of 
Delaware, and it is not rare in the lower beds 
of the Tuscaloosa formation. 

Occurrence: Tuscaloosa formation, Glen Al- 
len and Shirleys Mill, Fayette Coimty; Cotton- 
dale, Tuscaloosa Coimty, Ala. 

Collections: U. S. National Museum; New 
York Botanical Garden. 

POSITION Xr^CEBTAIN. 
Genus TBICALTCITSS Homok. 

[Torrey Bot. Club Bull., vol. 21, p. 63, pi. 180, fig. 8, 1894.] 

TVicalydtes papyraceos Hollick. 

Plate XX\aiI, figures 1-5. 

Tricalycites papyraceus Ilollick, Torrey Bot. Club Bull., 
vol. 21, p. 63, pi. 180, fig. 8, 189-1; New York Acad. 
Sci. Ann., vol. 11, p. 61, pi. 3, fig. 6, 1898; idem, 
p. 423, pi. 37, figs. 1, 2; New York Pot. Garden 
Bull., vol. 2, p. 405, pi. 41, fig. 3, 1902; The Cre- 
taceous flora of southern New York and New 
England, p. 109, pi. 5, figs. &-12, 1906; New York 
State Mus. Fifty-fifth Ann. Rept.. p. rSl, 1903. 

Smith, On the geology of the Coastal Plain of Ala- 
bama, p. 348, 1894. 

Newberry, The flora of the Amboy clays, p. 132, 
pi. 46, figs. 30-38, 1896. 

Berry, Torrey Bot. Club Bull., vol. 31, p. 81, pi. 1, 
fig. 4, 1904; New Jersey Geol. Survey Bull. 3, 
p. 221, 1911. 

Well-defined organisms, apparently dicoty- 
ledonous in their affinities and involucral or 
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fructicose in their nature. They consist of a 
central nucleus, which is generally of small 
size, 1 to 3 millimeters in diameter, borae at 
the apex of a stout peduncle or stalk, 2 to 5 
millimeters in length. To this nucleus \isually 
three membranous wings are connate. These 
wings usually diverge from each other at angles 
of about 45°, although in some specimens they 
are almost parallel in their orientation; they 
are broadly linear, obovate or ovate in outline, 
with broadly rounded, almost truncate tips, 
and narrowed somewhat toward the base, the 
lateral wings l>eing usually somewhat asym- 
metric and in typical material somewhat 
shorter and broader than the median wing; 
they are marked by fine, approximately parallel 
longitudinal veins, converging toward the base, 
which fork and anastomose, ultimately ending 
in the margins. In size they range from 0.5 
centimeter to 2.5 centimeters in length by 2 to 
10 millimeters in width. Both Hollick and 
Newberry call attention to the somewhat 
greater length of the middle wing, which is, 
however, far from being a constant character, 
for some specimens fail to show it, all of the 
wings being of approximately similar size, or 
the central wing may even be much smaller, 
as it is in some of the Alabama material figured, 
where along with the normal forms there occur 
others with all the wings directed upward and 
the central one only about half the size of the 
laterals. Most of the Alabama forms, however, 
are normal, as described above. 

The botanic relation of these curious ob- 
jects remains unknown, although they are 
probably comparable to the bracts so largely 
developed in some of the Juglandaceae, as, for 
example, in EngelJmrdtia and Oreomunnea, or 
to certain of the winged fruits to be found 
among the modern Sapindaceae. The writer 
has compared the fossils with a large amount of 
recent material in the New York Botanical 
Garden and the United States National 
Herbarium and feels some confidence in the 
belief that they may represent fruits of some 
Cretaceous member of the family Diptero- 
carpaceoe. Superficially, the venation appears 
to consist of slightly diverging, approximately 
parallel, longitudinal st nations. The Alabama 
mati^rial, however, shows clearly that these 
V(»inH fork and anastomose, as shown in the 
figure reproduced from a photograph, which 



has been carefully verified from a large number 
of specimens, thus allying these fossils with 
such a modem genus as Vatica, Exact corre- 
spondence between these remote ancestral 
forms and any of the modem genera, which 
are all confined to the Eastern Hemisphere, is 
hardly to be expected. 

In the abundant remains from Tottenville, 
Staten Island; Gay Head and Nashaquitsa, 
Marthas Vineyard; and Glen Cove, Long 
Island, Hollick has dascribed another species, 
Tricalycites majoTj^ based on forms which are 
usually two-winged and which have a larger 
nucleus, the wings reaching a length of 4 cen- 
timeters and a width of 1.3 centimeters. The 
same author has described similar but smaller 
remains from Marthas Vineyard as Calycites 
obovaius,^ and still smaller remains from Mon- 
tauk Point, Long Island, as Calycites alatus^ 
Though perhaps from the standpoint of the. 
paleobotanist these segregations are permissible 
or even desirable, it may be doubted if they 
express real specific distinctions and not merely 
individual variations. There is certainly a 
suggestion in the forms from the Tuscaloosa 
formation of Alabama, which occiu* with the 
normal Tricalycites papyraceuSj that the central 
wing may be more or less abortive or com- 
pletely so, thus giving some terms of the series 
leading to Tricalycites major or to the almost 
identical smaller forms which are referred to 
Cdlyevtes obovaius and C. alaius, 

Tricalycites papyracevs is abimdant in the 
middle part of the Raritan formation at Wood- 
bridge, N. J., and also occrn^ in the upper part 
of the Raritan formation at South Amboy, 
N. J. It occurs sparingly in the Magothy for- 
mation at Cliffwood Bluff, N. J., and i3 abim- 
dant in the insular Cretaceous floras along the 
southern coast of New England and is very 
common in the lower part of the Tuscaloosa 
formation in the Alabama area. It is also 
common in the Woodbine sand at Arthurs 
Bluff, Lamar Coimty, Tex. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill and Glen Allen, Fayette Coimty; big gully 
on the Snow place, Tuscaloosa Coanty, Ala. 

Collections: U. S. National Museum. 



1 HoUick, Arthur, The Cretaceous flora of southern New York and New 
England: U. S. (icol. Survey Hon. 50, p. 108, pi. 8, figs. 1^-22, 1907. 
« Idem, p. 109, pi. 5, fig. 23. 
» Idem, fig. 24. 
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Calydtes sexpartitus Berry, n. sp. 

Plate XXIX, figure 8. 

Calyx-like organisms consisting of a central 
poorly preserved disk about 1 millimeter in 
diameter surrounded by sbc radiating rigid lan- 
ceolate segments about 7 millimeters in length 
and 1.25 millimeters in maximum width, the 
whole borne on a long, slender curved stalk, 
about 1 centimeter in length. 

These peculiar specimens apparently repre- 
sent persistent coriaceous floral organs of un- 
known afiinity. Superficially they resemble 
the Paleozoic Aster ophyUites. Forms of Caly- 
dtes are known from the Raritan formation of 
the northern Atlantic coast, the Dakota sand- 
stone of the West, and the Middendorf arkose 
member of the Black Creek formation of South 
Carolina, but none previously described are 
similar to this Tuscaloosa species. 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place, Tuscaloosa Coimty, Ala. 

Collection: U. S. National Museum. 

Carpolithns floribondiis Newberry. 

Plate XXIX, figure 1. 

Carpolithua fiorihundus Newberry, U. S. Geol. Survey 
Mon. 26, p. 133, pi. 46, figs. 17-21, 1896. 

Hollick, The Cretaceous flora of southern New York 
and New England, p. 110, pi. 7, figs. 20, 21, 1906. 

Berry, New Jersey Geol. Survey Bull. 3, p. 216, 1911. 

Capsules (?) broadly ovate in outline and 
elliptical in cross section (probably as a result 
of compression during fossilization), in size 
ranging from 5 to 8 millimeters in length by 3 
to 6 millimeters in diameter. They seem to be 
dehiscent and they are five-valved according 
to Newberry. I am not sure that this dehis- 
cence may not be a result of compression, for 
some of them are preserved entire, and then 
they have a pointed apex. They occur singly 
or in pairs, and Newberry figured one specimen 
in which the axis is apparently dichotomously 
branched. In some specimens there are traces 
of what appear to be persistent calyx lobes. 

These objects occur in considerable abun- 
dance in the middle part of the Raritan forma- 
tion of New Jersey and somewhat doubtfully 
identified specimens are recorded by Hollick 
from the Magothy formation on Marthas Vine- 
yard. They are not uncommon in the basal 
clays of the Tuscaloosa formation near Shirleys 
Mill. Their botanic relationship is unknown, 



although they suggest various modem mem- 
bers of the orders Geraniales, Rhamnales, and 
Parietales. 

Occurrence: Tuscaloosa formation, Shirleys 
Mill, Fayette County, Ala. 

Collections : U. S. National Museum ; the types 
are at the New York Botanical Garden. 

Carpolithus tuscaloosensis Berry, n. sp. 

Fruits of unknown afiinity, disk shaped, 
about 1 centimeter in diameter by about 3 
millimeters thick, one surface comparatively 
flat, the other elevated. Edges thin. Pe- 
dimcle in center of one side. 

These peculiar fruits are given a name be- 
catise of their abundance in the lower part of 
the Tuscaloosa formation. They are of im- 
known affinity, were previously undescribed, 
and are unlike any fruits known to me, 
although they suggest those of the genus 
Paliurus. They are doubtless more or less 
flattened, but it is believed that in life they 
were disk-shaped rather than spherical, for 
several show a pedimcular scar in the center of 
the disk. If they had been drupelike their 
natural position of- rest would have been with 
stalk on one side at or near the flattened edge. 
They were of considerable consistency, for they 
are represented when fossilized by a compact 
button of structureless lignite. 

Occurrence: Tuscaloosa formation, big gully 
on the Snow place; roadside southwest of 
Northport; near Jones Ferry, Black Warrior 
River, Tuscaloosa Coimty, Ala. 

Collection: U. S. National Museum. 

Phyllites shirleyensfs B^ry, n. sp. 

Plate XXIX, figure 3. 

Leaf of relatively small size, broadly lanceo- 
late in general outline, with an acutely pointed, 
not extended apex and a similarly acutely 
pointed, somewhat decurrent base. Length 
about 4 centimeters. Maximum width, mid- 
way between the apex and the base, about 1.7 
centimeters. Margins entire. Texture sub- 
coriaceous. Petiole elongated, stout, and 
curved, about 3.5 centimeters in length. Mid- 
rib slender. Secondaries very thin, mostly 
immersed, parallel with the lower lateral mar- 
gins, camptodrome. 

This is a form of unknown botanic affinity, 
apparently not previously described. It is 
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Plate XXIX, figure 2. 
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Occurrence: Eutaw formation (Coffee sand 
member), Coffee Bluff, Hardin County, Tenn. 
Ripley formation (McNairy sand member), 
McNairy County, Tenn. 

Collection: Johns Hopkins University. 

Phyllites asplenioldes Beny, n. Bp. 
Plat« XXXIII, figures 1-3. 

Fronds large in size, lax in habit but ap- 
parently of a thinly coriaceous texture. 
Apparently entire or with only a shallowly 
lobate margin. Reniform or broadly obovate 
in outline. Minimum length and width, over 
15 centimeters. Midrib consisting of a wide, 
flat mass of veins formed by the approxi- 
mation and subparallel proximad couree of aU 
the veins of the frond. These veins are 
numerous, diverge at acute angles and fork 
dichotomously two or three times, most of the 
dichotomies being near the point of their 
nee. Thenceforth they are mosUy sub- 
parallel, here and there coalescing to form a 
much-elongated netted venation, 

This pecuHar form is so striking a typo and 
le moreover bo totally unlike anything that 
I have encountered in the Upper Cretaceous 
that it can not be omitted from any discussion 
of our Upper Cretaceous floras, although ite 
botanic affinity is more or less problematic. 

Certain beds in the clays of the Eutaw for- 
mation at Coffee Bluff are packed with the 
broken remains of these fronds, and it has been 
impossible to determine conclusively their 
exact size and form. Two of the most com- 
plete specimens are figured on the accom- 
panying plate. The apparently flabellate seg- 
ments appear to be the result of splittii^ and 
most of them arc clearly due to sdight offsets 
in the clay after deposition. Only three pos- 
sible botanic relationships seem suggestive. 
The material might represent some lax mono- 
cotyledonous leaf of unknown affinity similar 
to NitopTiytlum ieaumontanum described by 
Bureau ' from the Lutetian of France; it 
might represent some hitherto unknown type 
of Mesozoic cycadophyte; or it may be a true 
pteridophyte. I incline to the interpretation 
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that it represents the simple tufted fronds of 
a gigantic asplenioid fern like some of the 
modem forms referred to Diplazium or to- the 
large and reniform fronded existing scolopen- 
driums of the section ScJuiffneria of F6e, such 
as Scolopendrium deUwayi Franch, of the 
mountains of Farther India and Yunnan, or 
Scolopendrium nigripes (F6e) Hooker, of 
southern Mexico and Guatemala. Rather sim- 
ilar but equally indefinite remains were de- 
scribed from the Eocene at Green River, Wyo., 
and named by Lesquereux * MusophyUum 



complicatum from their fancied resemblance to 
the leaves of the existing monoCotyledonous 
genus MiLsa. 

The present material comes from a slightly 
higher clay lens in the Coffee sand than that 
from which the remainder of the Coffee Bluff 
plants were obtained and was collected by 
Bruce Wade in the autumn of 1916. 

Occurrence: Eutaw formation (Coffee sand 
member), Coffee Bluff, Hardin County, Tenn. 

Collection: Johns Hopkins University. 

1 Lesquereux, Leo, The Tertiary flora, p. 96, pL 15, figs. 1-6, 1878. 
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PLATE V. 

Page. 
Figure 1. Sphaeritesalahamenris Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Miw. Cat. No. 34794). 49 
Figures 2, 3. JungermannUes cretaceus Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. Noe. 

34795-34796) 49 

Figures 4-7. LycopodUes tuscaloosensis Berry, from Shirleys Mill, Fayette Coimty, Ala. (U. S. Nat. Mus. Cat. 

Nos. 34797-34800).... 50 

Figure 8. Cladophlebis alahamenaia Berry, from gully on Snow place, Tuscaloosa County, Ala. (U. S. Nat. Mus. 

Cat. No. 34801) 51 

Figure 9. Brachyphyllum macrocarpum formosum Berry, from Shirleys Mill, Fayette Coimty, Ala. (U. S. Nat. 

Mus. Cat. No. 34802) 59 

All specimens are from the Tuscaloosa formation. 
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PLATE VI. 

* 

Page. 
FiQURB 1. PodotamiUi marginahu Heer, from the Tuscaloosa formation in golly on Snow place, Tuscaloosa 

Coimty, Ala. (U. S. Nat. Mus. Cat. No. 34803) 55 

FiouBE 2. Sequoia reichenbachi (Greinitz) Heer, from the Eutaw formation at Havana, Hale Coimty, Ala. (U. S. 

Nat. Mus. Cat. No. 34804) 64 

Figures 3, 4. Sequoia ambigua Heer (U. S. Nat. Mus. Cat. Noe. 34805-34806) 66 

3. Specimen from the Eutaw formation at Havana, Hale County, Ala. 

4. Specimen from the Tuscaloosa formation in gully on Snow place, Tuscaloosa Coimty, Ala. 
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PLATE VII. 

1 

FiaUKBS 1-10. Androvettia eaTclinentit Befry 

1-3. Fngmeuta of foliage from th« Tuscfttooea formation in Tialioiniiigo County, lli«s., nfttund 
uie. (U. S. Nat. Mub. Cat. Nos. 34807-34809). 
4. Fragment from the BlAck Creek formation of North CaroLua, natural aize. 
C. Specimen shown in figure 4, X 4. 

6. Another uaall specimen from N(7th Carolina, natunJ size. 

7. Specimen shown in figure 6, X 4. 

8. A larger twig from North Carolina, natural size. 
8. Specimen shown in figure 8, X i- 

10. Photomicrograph showing epidermal cells and Aomata, X 385. 
14« 
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PLATE Vni. 

Page. 
FiQURES 1-12. WiddrmgUmiU» whtilu Heer, from the Tnscalooea fonnation of Alabama 67 

1. Specimen from gully on Snow place, Tuscaloosa County, Ala. (U. S. Nat. Mus. Cat. No. 

34810). 

2. Twig from specimen illustrated in figxu*e 1, showing dimorphism, X 5. 

3. Terminal-flattened twig from gully on Snow place, Tuscaloosa Coimty, Ala., X 5 (U. S. 

Nat. Mus. Cat. No. 34811). 
4, 5. Leaves from same, X 10 (U. S. Nat. Mus. Cat. Nos. 34812, 34813). 

6. Sketch of tip of leaf illustrated in figure 5 showing marginal spines, X 50. 

7. Another leaf, X 10 (U. S. Nat. Mus. Cat. No. 34814). 

8. Sketch of leaf illustrated in figure 7 showing location of stomata, X 50. 

9. Drawing of epidermal preparation from preceding (fig. 8) showing stoma, X 205. 

» 10. Specimen from Shirleys Mill, Fayette Coimty, Ala., with elongated leaves (XJ. S. Nat. 

Mus. Cat. No. 34815). 

11. Cone-bearing specimen from gully on Snow place, Tuscaloosa Coimty, Ala. (U. 8. Nat. 

Mus. Cat. No. 34816). 

12. Cone from specimen shown in figure 11, X 10. 
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Page. 
Araucaria bladenentis Berry, from the Eutaw formation at Havana, Hale County, Ala. (U. S. Nat. Mus. Cat. No. 

34818) 61 
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Page. 
Araucaria bladenensis Berry, from the Eutaw formation at Havana, Hale Coimty, Ala. (U. S. Nat. Mus. Cat. No. 

34818) 61 
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PLATE XI. 

Page. 

FiouRB 1. SahalUes ap. Berry, from the Ripley formation at Camden, Tenn. (U. S. Nat. Mus. Cat. No. 34819). 72 
FiouRB 2. Myrxca HpleyenM Berry, from the Ripley formation 13 miles northwest of Camden, Benton County, 

Tenn. (U. S. Nat. Mus. Cat. No. 34820) 74 

Figure 3. Ficus /ontainii Berry, from the Tuscaloosa formation at Cottondale, Tuscaloosa County, Ala. (U. S. 

Nat. Mus. Cat. No. 34821) 82 

Figure 4. Myrcia Aavonamt Berry, frt>mthe Ripley formation at Camden, Benton County, Tenn. (U. S. Nat. 

Mus. Cat. No. 34822)...: 125 
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PLATE XII. 

Page. 
FiGUBB 1. Ficua inae^^lia Lesquereiix, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mius. Cat. No. 34823) 80 
Figure 2. Ficus wooUoni Newbeny, from Glen Allen, Fayette County, Ala. (U. S. Nat. Mub. Cat. No. 34824). 81 
FiouBB 3. Pxperites tuKoloounsis Berry, from Tuscaloosa, Tuscaloosa County, Ala. (U. S. Nat. Mus. Cat. No. 

34825) *.... 72 

All specimens are from the Tuscaloosa formation. 
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PLATE Xni. 

Pass. 
Figure 1. Doryanthites cretacea Berry, from the Eutaw formation at Havana, Hale County, Ala. (U. S. Nat. 

Mufl. Cat. No. 34826) 70 

Figure 2. PopxdxU* tuscaloosenna Berry, from the Tuscaloosa formation at Glen Allen Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34827) 77 

Figure 3. SalitJlexuoM Newberry, from the Tuscaloosa formation at Maplesville, Chilton County, Ala. (U. S. 

Nat, Mus. Cat. No. 34828) 76 

Figure 4. Myrica emarginala Heer, from the Tuscaloosa formation at Cottondale, Tuscaloosa County, Ala. (U. S. 

Nat. Mus. Cat. No. 34829) 73 

Figure 5." Myrica dakotensis minima Berry, from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

(U. S.Nat. Mus. Cat. No. 34830) 74 

Figure 6. Ficus daphnogenoides (Heer) Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette County, 

Ala. (U. S. Nat. Mus. Cat. No. 34831) 80 

Figure 7. A small form of the same species from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34832) 80 

Figure 8. Ficus MhirUyeruis Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette County, Ala. (U. 8. 

Nat. Mus. Cat. No. 34833) 81 
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PLATE Xni. 

Pass. 
FiouRB 1. Doryanthites cretacea Berry, from the Eutaw formation at Havana, Hale County, Ala. (U. S. Nat. 

Mus. Cat. No. 34828) 70 

FiQURE 2. Populites tuscaloosenna Berry, from the Tuscaloosa formation at Glen Allen Fayette County, Ala. 

(U. S. Nat, Mus. Cat. No. 34827) 77 

Figure 3. Salix flexuoaa Newberry, from the Tuscaloosa formation at Maplesville, Chilton County, Ala. (U. S. 

Nat. Mus. Cat. No. 34828) 76 

FiauRB 4. Myrica emargmata Heer, from the Tuscaloosa formation at Cottondale, Tuscaloosa County, Ala. (U. S. 

Nat. Mus. Cat. No. 34829) 73 

Figure 5.' Myrica dakotensis minima Berry, from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34830) 74 

Figure 6. Ficus daphnogenoides (Heer) Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette County, 

Ala. (U. S. Nat. Mus. Cat. No. 34831) 80 

Figure 7. A small form of the same species from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

(U. S. Nat, Mus. Cat. No. 34832) 80 

Figure 8. Ficus shirleyerms Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette County, Ala. (U. S. 

Nat. Mus. Cat. No. 34833) 81 
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PLATE XIV. 

Page. 
Figure 1. Dewahjuea smUhi Berry, from Whites Bliiff, Greene County, Ala. (U. S. Nat. Mus. Cat. No. 34834). . 86 
Figure 2. Per$oonia lesquereuxii Knowlton, from Shirleys Mill, Fayette County, Ala. (U. 8. Nat, Mus. Cat. 

No. 34836) 85 

Figure 3. Persoonia lesquereaxii minor Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34836) 86 

Figure 4. Proteaides conospermae/olia Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34837) 85 

Figure 5. Ficus alahoTnenns Berry, from Shirleys Mill, Fayette County Ala. (U. S. Nat. Mus. Cat. No. 34838). 82 

All specimens are from the Tuscaloosa formation. 
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Figures 1-5. PlaUmus shirleyensis Berry, from the Tuflcaloosa formation at Shirleya Mill, Fayette County, Ala. 

(U. S. Nat. Mu8. Cat. Noe. 34839-34843) 83 
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Page. 
FiouRB 1. Phtanui aiperaeformit Berry, bom Shirleys Mill, Fayette County, Ala. (U. 8. Nat. Mii0. Gat No; 

34844) 83 

FIOUBB0 2, 8. DewalquiM tmithi Berry, from Whites BluCf, Greene County, Ala. (U. S. Nat. Mus. Cat. Nos. 

34845,34846) 86 

All spedmena are fnmi the Tuacalooea f onnatian. 
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Pag«. 
FiouRB 1. Cocetdus dnnamometis Velenovsky, from Cottondale, Tuscaloosa County, Ala. (U. S. Nat. Mus. Gat. 

No. 34847) 93 

Figures 2, 3. Cocculus polycarpae/oliiLS Beny, from Cottondale, Tuscaloosa County Ala. (U. S. Nat. Mus. Oat. 

Nos. 34848, 34849) 94 

Figure 4. Coccuka prohlemaUcua Berry, from Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Oat. No. 

34850) : 94 

Figures 5, 6. MenispermiUs trilobatta Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Oat 

Nos. 34861, 34852) 95 

Figures 7, 8. Magnolia ohtusala Heer 90 

7. Specimen from Cottondale, Tuscaloosa County, Ala. (U. S. Nat. Mus. Cat. No. 34853). 

8. Specimen from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34854). 
Figure 9. Magnolia lacoeana Lesquereu^ from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 

34855) 91 

All specimens are from the Tuscaloosa formation. 
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PLATE XVm. 

Pige. 
FiouRB 1. Magnolia oapeZZmtt Heer, from Cottondale, Tuscaloosa County, Ala. (U. S. Nat. Mub. Cat. No. 34856). 89 
FiouRB 2. Magnolia houlayana Leequereux, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34857) 90 

Figures 3, 4. Magnolia spedosa Heer 88 

3. Specimen from Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34858). 

4. Specimen from Shirleys Mill, Fayette County, Ala. (U. S. Nat Mus. Oat. No. 34859). 
All specimens are from the Tuscaloosa formation. 
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PLATE XEX. 

Page. 
FiouBES 1, 2. Oreodaphne shirleyenM Berry, from Shirleys Mill, Fayette County Ala. (U. S. Nat. Mub. Cat. 

Nofl. 34860, 34861) 119 

FiGURBS 3-6. Oreodaphne alabamenns Berry 119 

3, 4. Specimen from Cottondale, TuBcalooea County, Ala. (U. S. Kat. Mub. Cat. Nob. 34862 
34863). 
5. ReBtoration from BpedmeuB shown in figures 3 and 4« 
All spedmenB are from the TuBcaloosa formation. 
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PLATE XX, 

Page. 
FiouBB 1. MeniBpermites integrifolius Berry, from Cottondalei Tuscaloosa County, Ala. (U. S. Nat. Miu. Gat. No. 

34864) 94 

Figure 2. Lmodtndron meekii Heer, from Cottondale, Tuacalooea County, Ala. (type crushed) 92 

Figure 3. lAriodendron tulipifera Linn^, a living fonn, introduced for comparison. 

Figure 4. Magnolia newberryi Berry, from Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34865). . 89 

All the foaeils are from the Tuscaloosa formation. 
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PLATE XXI. 

FiouBB 1. Laurophyllum nerviUosum Hollick, from Shirleys Mill, Fayette County, Ala. (U. 8. Nat. Mob. Cat. 

No. 34866) 123 

Figure 2. Persea valida Hollick, horn Cottondale, TuBcaloosa County, Ala. (U. S. Nat. Mub. Cat. No. 34867) 119 

Figure 3. Malapoenna cretacea (Lesquereux) Knowlton, from Cottondale, Tuscaloosa County, Ala. (U. S. Nat. 

Mus. Cat. No. 34868) 121 

Figure 4. Malapoenna cotUmdalensis Berry, from Cottondale, Tuscaloosa Coimty, Ala. (U. S. Nat. Mus. Cat. No. 

34869) 121 

Figure 6. Malapoenna fdUifolia (Lesquereux) KnoTi^lton, from Shirleys Mill, Fayette Coimty, Ala. (U. S. Nat. 

Mus. Cat. No. 34870) 122 

Figures 6-9. Cinnamomum newherryi Berry 118 

6. Specimen from Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34871). 
7-9. Specimen from Cottondale, Tuscaloosa Coimty, Ala. (U. S. Nat. Mus. Cat. Noe. 34872- 

34874). 
All specimens are from the Tuscaloosa formation. 
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PLATE XXn. 

Pige. 
Figure 1. CappariUs cynophylloides Berry , from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 

34876) 95 

Figures 2, 3. Capparites orbiculattis Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. Nos. 

34876,34877) 96 

Figures 4, 5. Tnga oretacta Lesquereux, from Shirleys Mill, Fayette County, Ala. (XJ. S. Nat. Mus. Cat. Nos. • 

34878,34879) 96 

Figure 6. lAriodendropsis nmplex (Newberry) Newberry, from Glen Allen, Fayette County, Ala. (U. 8. Nat. , 

Mus. Cat. No. 34880) 101 

Figure 7. Pha$eoHte8 /ormtu Lesquereux, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 

34881) 101 

Figure 8. Coma vaughani Berry, from Glen Allen, Fayette Coimty, Ala. (U. 8. Nat. Mus. Cat. No. 34882). . . . 100 

All specimens are from the Tuscaloosa formation. 
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PLATE XXni. 

Figure 1. PaUocassia laurinea Lesquereux, from the Tuficalooea fonnation at Shirieys Mill, Fayette County, 

Ala. (U. S. Nat. Mue. Cat. No. 34883) 100 

Figure 2. Hymenaea fayettensis Berry, from the Tuscaloosa fonnation at Shirieys Mill, Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34884) 97 

Figure 3. Colutea obovata Berry, from the Tuscaloosa formation at Shirieys Mill, Fayette County, Ala. (U. S. 

Nat. Mus. Cat. No. 34885) 101 

Figure 4. Leguminotites shirleyensis Berry, from the Tuscaloosa formation at Shirieys Mill, Fayette Coimty, 

Ala. (U. S. Nat. Mus. Cat. No. 34886) \ 104 

Figure 5. Leguminosites ingaefolia Berry, from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

• (U. S. Nat. Mus. Cat. No. 34887) 103 

Figure 6. Leguminosites tuscaloosensis Berry, from the Tuscaloosa formation at Shirle3rs Mill, Fayette Coimty, 

Ala. (U. S. Nat. Mus. Cat. No. 3488) 104 

Figure 7. Baukinia ripleyensis Berry, from the Ripley formation on Cowikee Creek, Bar1x>ur County, Ala. 

(U. S. Nat. Mus. Cat. No. 34889) 100 

Figure 8. Baukinia alahamensis Berry, from the Eutaw formation at Havana, Hale Coimty, Ala. (U. S. Nat. Mus. 

Cat. No. 34890) 99 
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PLATE XXIV. 

Page. 
Figures 1, 2. Celastrophyllum crenatum dlipHcum Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. 

Mus. Cat. No8. 34891, 34892) 110 

Figure 3. Celastrophyllum sMrUyensis Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34893) 107 

Figure 4. Celastrophyllum brittonianum Hollick, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. 

Cat. No. 34894) ; 110 

Figure 5. Celastrophyllum grandifolium Newberry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. 

Cat. No. 34895) 108 

Figures 6, 7. Celastropkyllum carolinensis Berry, from guDy on Snow place, Tuscaloosa County, Ala. (U. S. 

Nat. Mus. Cat. Nos. 34896, 34897) 109 

Figure 8. Celastrophyllum shirleyensis Berry, fet)m Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34898) 107 

Figure 9. Celastrophyllum gymindaefolium Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. 

Cat. No. 34899) Ill 

Figures 1(V-12. Celastrophyllum alabamensis Berry, from a locality near Centerville, Bibb County, Ala. (U. S. 

Nat. Mus. Cat. Nos. 34900-34902) 110 

Figure 13. Celastrophyllum praecrassipes Berry, trom Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34903) Ill 

All specimens are frx)m the Tuscaloosa formation. 
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PLATE XXV. 

Figures 1, 2. Rhamnus tenax Lesquereux, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mu0. Gat. Noe. 

34904,34905) 114 

Figure 3. Orewiopsis tuacaloosensis Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 

34906) 116 

Figures 4, 5. Orewiopsis formoaa Berry, fat)m Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. Nos. 

34907,34908) 116 

Figures 6-8. PterospermUes caroKntnsit Berry 117 

6, 7. Specimens from Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Cat. Nos. 34909, 34910). 

8. Specimens from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34911). 
All specimens are from the Tuscaloosa formation. 
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PLATE XXVI. 

FioiTBKS 1-3. AraUa eoUondalemU B«rry, from CotUmdAle, TiMcalouw <^>mjity, AU. (V, 8. Nat, Mim, CM. Hmr 

34912-34914) 12H 

ViovuES 4, 5. Pamtz eretaeea Heer , , ,,,, 12H 

4. Spedmen from Shirieyi MiU, Payette County, Al*. (V, H, Nat, Mim, (M. So, 3491fi;, 

5. Specimen shown in figure 4, X 4. 

Fiouns 6. Ayna jnotruma Lesquereux, from Sfairleyi Mill, Ftyette Otnmty, AU, (V. 8, If at, lim, (*M. Ha, %¥$\(i), 12§ 
Fioimn 7, 8. ComophyUtan obtumUum Berry, from Cottoodmle, Tu^calooM County, Al*, (V, H, Ntt, Mim, C*t, 

No. 34917; ipecimeo f bown in 6g, 8 hM been defCnryed; , ,, 12$ 

All gperimepg are from the TaecftlooM iomatkm. 



PLATE XXVII. 

Page. 
Figures 1-3. Sapindus variabilis Berry, from Shirleys Mill, Fayette 0)uiity, Ala. (U. S. Nat. Mua. Cat. Noe. 

34918-34920) Ill 

Figure 4. Diospyros rotundifolia Leequereux, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. 

No. 34921) 135 

Figure 5. Diospyros amhoyensis Berry, fot)m Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34922). 134 
Figure 6. Andromeda wardiana Leequereux, from Shirleys ^Hll, Fayette Coimty, Ala. (U. S. Nat. Mus. Cat. No. 

34923) 132 

Figure 7. Andromeda grandifolia Berry, a small form trom Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. 

Cat. No. 34924) 131 

Figure 8. Dermatophyllites acutus Heer, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 

34925) 132 

All specimens are from the Tuscaloosa formation. 
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PLATE XXVUl. 

Page. 
Figures 1-5. TricalycUes papyracem Newberry, from the Tuscaloosa formation at Shirleys Mill, Fayette Ck>unty, 

Ala. (U. S. Nat. Mus. Cat. Nos. 34926-34930) 137 

FiouRB 6. Eugenia tuscahosengia Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34931) ; - 125 

FiQURB 7. Myrda JiavanmM Berry, from the Eutaw formation at Havana, Hale County, Ala. (U. S. Nat. 

Mus. Cat. No. 34932) 126 

Figure 8. Eucalyptua geinitzi (Heer) Heer, from the Tuscaloosa formation in gully on Snow place, Tuscaloosa 

County, Ala. (U. S. Nat. Mus. Cat. No. 34933) 120 

Figure 9. Ccnocarpites formosus Berry, from the Tuscaloosa formation at Glen Allen, Fayette County, Ala. 

(U. S. Nat. Mus. Cat. No. 34934) 127 

Figure 10. Eorhcannidium cretaceum Berry, from the Tuscaloosa formation at Cottondale, Ala. (U. S. Nat. Mus. 

Cat. No. 34935) 113 

FIGURE 11. JSapotacUes shirleyensis Berry, from the Tuscaloosa formation at Shirleys Mill, Fayette Coimty, 

Ala. (U. S. Nat. Mus. Cat. No. 34936) 135 
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PLATE XXrX. 

Page. 
FkoUBB 1. Carpolitkui flcnbundtu Newberry, from Shirleys Mill, Fayette County, AU. (XT. S. Nat. Mus. Cat. 

No. 34937)..... 131 

FtoUBB 2. PhyUites pistiae/ormis Berry, from a locality near luka, Tishomingo County, Min. (U. S. Nat. Mus. 

Cat. No. 34938) 140 

Fequbb 3. PhyUites MrleymM Berry, from Shlrleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34939). 139 
FiQXJKsa 4-6. SapotaeUes shirleyeMit Berry, from Shirleys Mill, Fayette Coimty, Ala. (U. S. Nat. Mus. Cat. 

Nofl. 34940-34942) 135 

FionBB 7. SapotaeUes ettmgihauuni Berry, from Shirleys Mill, Fayette County, AU. (U. S. Nat. Mus. Cat. 

No. 34943) 135 

FiouRB 8. CalyeUes $expariUu» Berry, from gully on Snow place, Tuscaloosa County, Ala. ' (U. S. Nat. Mus. 

Cat. No. 34944) 139 

All specimens are from the Tuscaloosa formation 
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PLATE XXX. 

Page. 
Figures 1, 2. Andromec^ navaecaeioreae Hollick, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mub. 

Cat. Noe. 34945, 34946) 130 

Feoubb 3. DiospyroB primaeva Heer, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34947). . 134 
FiouRBS 4, 6. Diospyros rotundtfolia Lesquereux 136 

4. Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34948). 

5. Cottondale, Tuscaloosa County, Ala. (U. S. Nat. Mus. Cat. No. 34949). 

FiouRB 6. SapotacUesformosus Berry, from Shirleys Mill, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34950;. 136 
Figures 7, 8. Cordia apiculata (Hollick) Berry 137 

7. Shirleys Mill, Fayette County, Ala. (IT. S. Nat. Mus. Cat. No. 34951). 

8. Glen Allen, Fayette County, Ala. (U. S. Nat. Mus. Cat. No. 34952). 
All specimens are from the Tuscaloosa formation. 
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PLATE XXXI. 

Pa«». 
FiouRB 1. Undefterminable fern pinna (U. S. Nat. Mus. Cat. No. 34953). 

Figures 2, 3. Undeterminable leaf of Salix. or Laurus (U. S. Nat. Mus. Cat. Nos. 34954, 34955). 
FiouRB 4. Undeterminable leaf of Sapindus (U. S. Nat. Mus. Cait. No. 34956). 
Figures 5, 6. Undeterminable leaf, possibly of Myrica (U. S. Nat. Mus. Cat. Nos. 34957, 34958). 

PiGURBs7,8. Ptotoniwep. (U. S. Nat. Mus. Cat. Nos. 34959, 34960) 85 

Fegubb 9. Undeterminable leaf, possibly of Laurus (U. S. Nat. Mus. Cat. No. 34961). 

All specimens are from the Ripley formation on Cowikee Creek, Barbour County, Ala. 
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PLATE XXXII. 

FiQUBB 1. SUreulia snoroii tenncMHensis Berry, n. sp., from the McNftiry sand member of the Ripley formation 

near Selmer, McXairy County, Tenn 117 

FiQURB 2. Drya]^Uum gracUe Debey, from the McNairy sapd member of the Ripley formation near Selmer, 

McNairy Coimty, Tenn * 76 

FiQURBS 9-5. Eugenia (f ) ancep$ Berry, from the McNairy sand member of the Ripley formation near Selmer, 

McNairy Coimty, Tenn 125 

FiQimB 6* Plaianus ripleyerms Berry, n. sp., from the Ripley formation 6} miles north of Eufala, Barbour 

County, Ala 84 

FiouRB 7. Magnolia capellinii, He^, from the McNairy sand member of the Ripley formation near Sdmer, 

McNairy County, Tenn 89 
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PLATE XXXIII. 

Page. 

Kkh/rnn 1-3, PhyllU$9 oMpUniaidu Berry , n. ip., fron^he Coffee sand member of the Eutaw formation at 

Coffee Bluff, Hardin, Hardin County, Tenn 140 
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A. Page. 

AUetites HIasinger 64 

foIloBos (Footaine) Berry 64 

Aoerates Nibson * 136-137 

amboyenais Beny lS6-lt7 

tp.HoUlck 136 

Amber, oocarrenoe of 13,14 

Andromeda Liimd 130-132 

cretaoea Lesqaerenz (?) ISt 

gmidifoUa Berry 1$1,/M 

WVWfa Newberry 85,131 

novaecaesareae HoUlck 190,169 

parlatorliHeer Itl-ltt 

wardiana Lesqnerenx I9i,i66 

AndrovettiaHoUick and Jeffrey 82-64 

caroUnenals Berry tt-44,/4^ 

elegans ^ — 64 

statenenais 63 

Anemia 53 

Anemia itrieta'Sew}itiny 54 

Anglospermae 70-141 

AiaUaLinn^ 128 

cottondalensis Berry, n.8p 128,/^^ 

eatawensis Berry W8 

loodana Saporta and Karion 128 

weUingtoniana Lesqaereux 84 

mUingUmianaWsrd 128 

Azaliaoeae 128 

Aiaocaria Jossiea 61-62 

WdwIUi 62 

bladenensls Berry 61-62,/^,/^ 

Jefllreyl Berry 62 

reicftentacM (Oefnits) Heer 64 

toacasl 62 

Araucarites ovatos :. 62 

rdcAentecki Oefnits 64 

Arecales ^ 72 

Arthrotaxopeis 60 

expann Fontaine. 66 

Asclepiadaceae i 186-137 

Aspidiophy llum trilobatum Lesquereux 05 

Asplenitesroeeserti 51 

Aspleniom Linn4 53-64 

dlcksonianum Heer M-ft4 

B. 

BambosJom latlfoHnm « 71 

Baubinia Linn6 97-100 

alabamensis Berry , 90-100,168 

cretacea Newberry 07-06,90 

gigantea Newberry 100 

marylandica Berry 06-00,100 

ripleyenaia Berry 100,169 

Benton Coanty, Tenn., foaall planta collected from 88 

Benxoin maaoni (Lesquereux) Knowlton 83 

venustom (Lesquereux) Knowlton 83 

Bingen flora, relation of the Tuacalooaa flora to 41 

Black Warrior River, foaail plants collected on 17-18, 10, 20, 21-22 

Borraginaoeae 137 

Boundaries of the region 7 

Brachyphylhim Brongniart 50-60 

macrooarpumformosnmBeny 56-60, /if 

Broken Arrow Bend, Oa., section measured and fossil plants 

collected at 82 

Bryophyta 40 

Buena Vista, Oa., section measured and fossil plants collected 

east of 88 

Bumella 136 

Byron, Ga.. fossil plants collected near 38 



; flgores in black face indicate descriptiona; figures in UaUt Indicate iUuatiations. 

C. Page. 

Caesalpiniaoeae 07-101 

CamtriaVentenat 68,60 

CalydtesalatuaHolUok 138 

obovatusBolUck 138 

aexpartitus Berry, n. sp 166, IM 

(Camden, Tenn., Ripley formation northwest of, plate showing ... 82 

Cappaiidaoeae 05-06 

Capparisoynophallophora Llnn^ 06 

Capparites Berry, n. gen 05-06 

cynophyUoides Berry, n. sp 66-06^ /5i 

orblculatua Berry, n. ap 00,i6t 

Carpolithns floxfbundua Newbeny 190,168 

pruniformis Newbeny 40^ 

tuscalooaenals Berry, n. sp 166 

CaaalaLInn^ 100-101 

melanophyOa VelenoTsky 81 

vaughani Berry, n.8p 106-101,/5i 

QtulerpUetfuHfiahuStenibng 67 

Celastraoeae 106-111 

Celastrophyllum Oo^)pert 106-111 

variation of 30-40 

acntidens Fontaine io7 

alabamensis Berry, n. sp 11^/63 

albaedomus Ward 10^111 

afViwtf/oii«m Newbeny 106 

britUmianum HoUick 107, 110-111, /«5 

carolinenaia Berry 100, /63 

crenatumHeer 108,100-116 

eUipticnm Berry, n. var 110,105 

deounena Lesquereux 106-167 

grandif olium Newbeny 108-100, 16S 

gsrmindaef olium Berry ,n.ap Ill,/tf5 

lanoeolatum io8 

latifblinm Fontaine m 

mlnuaHolUck m 

newberryanum HolUck 108 

praecrassipes Berry, n. sp lll,/03 

shlrleyensis Berry, n. sp 167,/^ 

spatulatum Newberry m 

undulatum Newberry 107 

Celastrusarctica 87 

Cephalotaxospemmm Berry 56-^7 

carolinianum Berry 66-67 

Qilmney Bluff, Oa., section measured andlossQ plantscoUected at. 82-88 

Ginnamomnm Bhune 118-110 

heerii Lesquereux (7) 118,122 

<fi<ermedi«m Newberry 118 

newberryi Berry 118, /60 

i€tttnnen$eBieer ug 

ap 118-116 

ClaaitesHeer lis 

crispus Velenovsky 116 

formosusHeer li§ 

insignia 116 

newberryi us 

Citrophyllum Berry 104-106 

aligerum (Lea<piereux) Berry 104-166 

Cladophlebia Brongniart 51-52 

alabamensis Berry, n. sp 61-66,1(4 

albertsii -,61 

browniana 51,52 

parva 51 

ungeri 51 

whitbyenaia 6i 

OxxTulua De Candolle 98-04 

dnnamomeua Velenovsky (7)... 66,04,/M 

polycarpaefoliua Berry, n. ap 9^,166 

problematicua Berry, n. ap 64,/M 
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Page. 
Coffee Bluff, TenzL, section measured and fossil plants collected at . 3^-35 
Cohitea Linn^ 101 

oboTBta Berry 101, /M 

protogaea Heer. 136 

Collections, locaUties of 14-22,3^^,37-39 

Combretaoeae 127-128 

Comptonia peregrlna (Unn^) Coulter 74 

Tindobonensis (Ettingsbansen) Berry 74 

Comptonites antiquus Unger 74 

Coniferales 56-70 

Conocarpites Berry, n. gen W7-128 

formosos Berry, n. sp 127-128,/^ 

Conocarpos erectos 127 

Cordaites 70 

CordiaLinn^ 137 

apicolata (Hollick) Berry, n. comb lt7,/69 

Comaoeae 129-130 

ComophyUum Newberry 129-130 

obtnsatum Berry, n. sp 129-ltO,/fi5 

vetustum Newberry 149 

Comas 129 

jiUUffphplMdei hBaqasinax 114 

Cottondale, Ala., section measured and fossil plants collected at. lS-19 

Cowlkee Creek; Ala., fossil plants on 38 

Cretaceous, Lower, sediments, distribution of 7 

Upper, sediments, distribution of 7-8 

sediments, fossil plants from, plates showing 144-172 

Crotonophyllum Velenovsky 10&-106 

panduzaeformis Berry 10&-106 

Cunnin^hamia eleifOTU CordA 58 

Cunningfaamites Presl 58 

elegans (Corda) Endlicber M 

squamosusHeer... 61 

Cui^essinoxylonOoeppert. 70 

sp 70 

Cyatbeaoeae 54 

Cycadales(T) 55-56 

Cycadlnocarpus Schimper 56 

circularis Newberry 66 

Cyperacites Schimper 71 

sp. Hollick 71 

CVpfrife«f Hollick 71 

Cypress, Tenn.,foesils collected near 38 

D. 

Dammara Lamarck 58^50 

borealisHeer ^ 6S-69 

mkroUpUUonkk 60 

iii^nor Hollick 60 

1>ermatophyllite8 Ooeppert ; 132 

acutus Heer 19i,166 

Dewalquea Saporta and Marion 86-88 

groenlandka'Rwr : 76 

smithi Berry 80-«8,i«,/55 

Dioksonia Presl 54 

borealis "Heer 54 

groenlandica Heer 54, 66 

Dlootyledonae 72-141 

Dicotyledons, Tuscaloosan, origin of 25 

Diospyros Linn^ 134-135 

amboyensis Berry 184-lS6,/6ff 

primaeva Heer 184,/69 

rotundifolia Lesquereux m,186,169 

rotundifolia Lesquereux 104,133 

Doryanthites Berry 70-71 

cretaoea Berry 70-71, /55 

Dryandra cretaoea Velenovsky 74 

Dryophy Uum Debey 75 

gracUe Debey 16,171 

Dryopteris 62,53 

Dryopterites Berry 52-^ 

kennerleyl 53 

oerstedl 53 

stepbensonl Berry 52-6S 

E. 

Ebenaoeae 134-135 

Ebenales 134-136 

Eoologio oonditkins, indications of 26-^,35-36 



EoUrion. 71 

Eorbamnidium Berry, n. gen lit 

eretaoeum Berry, n. sp IIS-IM,/^ 

platyidiyOoides (Lesquereux) Berry, n. comb 114 

Equisetales 49-60 

Equisetum Llnn6 49-60 

Equisetumf sp. Berry 49-40 

Ericaceae? 130-133 

ErioalesT 130-133 

EuoaUitris 68,60 

Eucalyptus L'HMtier 136-127 

angusta VelenoTSky '. It? 

an^iMf^oUa Newberry 126 

EuaUfptuif ottCTiKota Newberry 80 

atiemi^taWatd 125 

geinitxi (Heer) Heer l«6-l«7,/ff7 

latifblia Holliok 120 

Eugeinitda 66 

Eugenia Linn6 : 135 

anoepsBerry 126,17/ 

primaeva Lesquereux 125 

tuscalooeensis Berry, n.8p 126,197 

Eupborl^aceae 105-106 

Euphorbiophyltum antiquum Saporta and Marion 85 

European Upper Crotaoeous floras, relation of the Tuscaloosa 

flora to 41 

Eutaw formation, distribution of. ^ 7-8,31 

flora of, composition of 85 

correlation of. 41-42 

distribution of species of 43-48 

eoologio conditions indicated by 35-36 

materials of....'. 31 

plate showing 32 

sections of 33-35 

small representation of 7 

stratigraphio relations of 31-32 

studieson 30-31 

F. 

Fagaoeae 75 

Fagales 75 

FicusLlnn6 78-83 

alabamensls Berry, n. sp 9lt,t63 

o/t^era Lesquereux 104 

atavinaHaoT 73 

atevina Heer (7) 78 

5Mfctd(Aii Lesquereux 78 

crassipes (Heer) Heer 70 

daphnogenoides (Heer) Berry 79,80,96,/5f 

fbntainii Berry, n. sp 82-8t,/50 

georgiana Berry 79 

inaequalis Lesquereux 80-81, ISl 

krausiana Heer 78-79 

ontfa Newberry 79 

ovatifolia Berry 79,82 

proteoides Lesquereujt 80 

shirleyensis Berry, n.8p S\,t6t ^ 

«tt»pecta Velenovsky 78 

tiliaefolia (Alexander Braun) Heer 83 

woolsoniHoUick 79,81-«,i5/ 

FlUcales 51-65 

Frenela 68,69 

FreneUUsreichUEtilDgshttaxn 69 

Frenelopsis 68 

Fungi 49 

G. 

Oeinitzia Endlidier 61 

f(HinosaHeer 01 

«p. Newberry 61 

(}entianales 136-137 

Qeraniales 104-106 

Oleichenla Smith 51,54-55 

delicatula Heer 64-66 

microm^a Heer 64 

Olelcbeniaoeae 54-55 

Olen Allen, Ala., section measured and fossil plants collected at.. 14-16 

Tuscaloosa formation near, plate showing 14 

OlpptoHrolm* ffraciUimua heaquBteux 09 



^ 



CNDBX. 



175 



Page. 

Oramliiales 71-72 

Orewiopsis Saporto 116-117 

formosa Berry, n. sp 116,M4 

tuscaloosensis Berry, n.sp..., Il&-in,te4 

Oyminda grlaebachii Ill 

OymnosperiBae 65-70 

Oypsam, ooonrrenoe of 13,26 

H. 

Halymenitesmi^orLesquereux 140 

Havana, Ala. , Eutaw formation east of, plate showing 32 

section measured and fossil plants collected near 33 

BederaprimordialisSaporta 82 

Hepaticae 49 

Hymenaea Linn^ 97 

dakotana Lesqoereux 97 

layettensis Berry, n. sp Wj/M 

I. 
DexLlnn^ 106 

mason! Leequereux 106 

nioaoeae 106 

IngaWUldenow 96-97 

cretacea Lesqoereux 9&-V3, 10^.161 

loka, Miss., fossil plants collected at 14 

Tuscaloosa formation near 16 

J. 

Joglandaoeae 73 

Juglandales .-... 73 

JuglansUnn^ 73 

aroticaHeer 7t 

crassipes Heer , 73 

Jungermannialee 49 

Jongermannites Ooeppert 49 

cretaoeus Berry, n. sp 49,/^ 

vetustior 49 

K. 

Kahnia Linn6 (?) 132-133 

brlttonianaHollick. ISS-ltt 

Ktannera 71 

Krugiodendron ferreom 113,114 

L. 

Larieoptia longifolia Fontaine 64 

Lauraoeae 118-125 

Laurophyllum Ooeppert 123-125 

angustifoHiim Newberry 124 

eleg&nsHollick 1S4-1S6 

lanceolatimi Newberry 124 

nervUlosum HolUck 12g-l«4,/«0 

Laurus Linn6 123 

plutonia 128 

Leguminosae 103-104 

ingaefblia Berry, n. sp i08,/6f 

. omphalobioides Lesquereux 108 

shirleyensis Berry, n. sp I0i,iei 

tuscaloosensis Berry, n. sp 104,169 

Leguminosites Bowerbank 103-104 

Leptottrobutfoli09u$ Fontaine 64 

LtfucoOoe poriotor/i (Heer) Schimper 131 

Lignite, oocunenoe of 13,26,30 

Liliales 70-71 

Liriodendron Linn^ 92-93 

meekUHeer 92-08,/^ 

^rnuinaHeer 92,93 

primaeoaHeer 92,93 

primaevum Newberry 92,93 

tiroptex Newberry 101,102 

suooodens Dawson 106 

Liriodendropsis Newberry 101-103 

angustiiolia Newberry lOS-108 

constricta(Ward)Hollick lOS 

simplex (Newberry) Newberry 101-108, 103, 161 

con«<rkta Ward 103 

spectabilisHollick 102 

Litoea cretacea Lesquereux 121 

/aZd/oUa Lesquereux 122 

LooJities of the fossils collected 7 

Lycopodiales , 50-«l 



Page. 
Lyoopodites Brongnlart 50-^1 

tuscaloosensis Berry, n. sp 60-41, /i( 

Lycopodium Linn4 50 

oretaceum Berry 7 60 

M. 

If oBrides Ford, Qa., section measured and fossil plants collected at 32 

MagnoMaLinn^ 88-92 

oUerfMiMHeer 91 

auricttlsta 88,92 

boulayana Lesquereux 00-01, r57 

capellinUHeer 80,90, 157,17/ 

^totkxXdnHollick 90 

hoUicki Berry 92 

inglefleldi Heer 91 

laooeana Lesquereux 91, 1S6 

lon^oUa Hollick 89 

longipes Hollick 90,91 

newberryi Berry 89-90,i59 

obtusataHeer 90,166 

speciosaHeer 8»-«9,91,92./57 

Taningeni 90 

woodbridgensis 90,91 

Hagnoliaoeae : 88-93 

Magothy flora, relation of the Tuscaloosa flora to 40-41 

Malapoenna Nees 121-123 

oottondalensis Berry, n. sp Itl, 160 

cretacea (Lesquereux) Knowlton 121-122,/0O 

faldfolia (Lesquereux) Knowlton 122, /tfO 

horrellensis Berry 122-128 

Malvales 116-118 

Manihotites Berry 106 

georgiana Berry 106 

Map of eastern Gulf region, showing distribution of Upper Cre- 
taceous deposits 8 

Marattia Swarts (7) 55 

cretacea Velenovsky (?) 66 

Marattiaoeae (?) 65 

Menispermaceae 93-96 

Menispermites Lesquereux 94-95 

boreaUsHeer 94 

integrifolius Berry, n. sp 94-96,/59 

trilobatus Berry, n. sp 96,159 

variabilis Berry 96 

Microzamia glbba Corda 61 

Mimosaoeae 96-97 

Mimusops 136 

ballotaevides 73 

Monocotyledonae 70-72 

Monocotyledons, Tuscaloosan, scarcity of. 24 

Moraceae 78-83 

Morioonia 63 

Myrcia De CandoUe 125-126 

havanensis Berry 126-126, 150, /ff7 

Myrica De Candolle 73-75 

dakotensis minima Berry, n. var 74,/5f 

emarginataHeer 78,/5f 

longa (Heer) Heer 74 

ripleyensis Berry 74-76, /50 

senkeriHeer , 107 

Myricaceae 73-75 

Myricales 73-75 

M3rrsinaoeae 133-134 

MyrsineLinn^ 133-134 

borealis Heer 188-184,135 

elongata Newberry 133 

gaudini (Lesquereux) Berry 188 

MyriBinilett gavdhni Lesquereux 133 

Myrtaceae 125-127 

Myrtales '. 125-128 

MjfficphifllumgeinUziSeeir 126 

irardcr< Lesquereux 126 

N. 

NyssaLinnd 129 

showiana Lesquereux 129, 1 66 

O. 

Onydiiopsis 53 

Oreodaphne Nees and Martins 119-120 

alabamensis Berry 119-120, / 5« 

shirleyensis Berry, n. sp 119, i5S 



■'It ,., 



176 



INDEX. 



P. Page. 

Pachyphyllum araaoarium 92 

rigidiim 82 

Paleocassla EttingshaoBen 100 

laorinea Le8(iiier«iix 1%0,1SM 

Paliurns Linii^ 113 

upatolensis BeiTy 113 

Panax Llnii^ 128 

cretaoeaHeer 19S,1IU 

Papayerales 96-96 

PaplUonaceae 101-103 

Pecoptaris neoioptaroides 51 

Persea Oaertnar 119 

vaUdaHolUck 119,160 

Persoonia SwarU 85-8« 

lesqaereuxU Knowlton 96,1SS 

minor Berry, n. var 96, US 

Phaseolites Unger 101 

elegans HolUck 72 

(ormus Lesqnereanx 72,101,/tf/ 

manbassetensis HolUck 72 

Phegopteris deoussata 51 

PhiUyrea .^. 108 

Phragmites Tilnius 71-72 

prattli Berry •. Il-W 

PhyUitesasplenioldes Berry, n.sp 140-l41,/7f 

eUijXfciM Newberry 134 

oboordatus Heer 136 

pistiaaformis Berry, n. sp 140, 168 

abirieyensis Berry, n. sp 199-140,168 

Pbyllodadus 63 

tvMnUgrifolhu htsqatrtax 57 

PinusLinn^ 70 

delicatulus 64 

raritanenais Berry 70 

tripbyUa 70 

tp.Newberry 70 

Piper 72 

Plperaceae 72 

Plperales 72 

Plperites Ooeppert 72 

tuscaloosensis Berry, n. sp n,161 

Plants, systematic arrangement of 8-11 

Plataittoeae 83-85 

Platanales 83-85 

Platanos Linn6 83-85 

oefToMeff Ooeppert var. tcUfor Lesqoereox 84 

aspera Newberry 83 

asperaeformis Beny, n. sp 8t,84,/55 

ktlmmelii Berry 84 

latior (Leequereux) Knowlton 84 

newberryana'Bwt 83 

pHmoMo Lesquereux 84 

raynoklsii Newberry 83 

ripleyensis Berry, n. sp 84-86,17/ 

sbirleyensis Berry, n. sp 40,8S-64,/54 

sp 86,170 

Podocarpus 56,57 

Podocamites Friedrich Braun 55-56 

marginatos Heer , U-H,7l,14B 

Polemoniales 137 

Polypodlaoeae 51-54 

Populites Leequereux 77-78 

litigioeus Leequereux 78 

tuscaloosensls Berry, n. sp 77-78, /5f 

PopulusLinn6 77 

apfcttloto HolUck 137 

oretacea Knowlton...'. 78 

byperbocea Heer .«. 77 

stygiaHeer 114 

Prlmulakis 133-134 

Proteaoeae 85-86 

Proteates 85-86 

Proteoides HeerT 85 

conospermaefoUa Berry, n. sp S6,16S 

enuipet'BeeT 79 

daphnogewHdet Meet 76,80,123 

IOfV«f Heer 74 

Protodammara HolUck and Jeffrey 60 

speciosa HolUck and Jeffrey 60 



Page. 
ProtophyUoeladua Berry 57-58,63 

subintegrifoUus (Lesquereux) Berry 67-68 

PnMNM/ poriatorti (Heer) Leaqoereux m 

Paeudogelnitiia 65 

Psilotum. 50 

Pteridophyta 49-55 

Ptero ap e r mites Heer U7 

oaroUnensis Berry 117,154 

Pyrencmyoetes 40 

R. 

Ranales 86-96 

Ranunculaoeae (7) 86-^ 

Raritan flora, relation of the Tuscaloosa flora to 40 

Rhamnaoeae 112-115 

Rhamnales 119-115 

RbamnusLinn^ 114-115 

tenax Lesquereux 114-116,104 

Ripley formation, distribution of 8,37 

flora of , oorrelatioQ of 42-43 

distribution of spedea of 43-48 

locaUties in, wbere plants were collected 37-39 

materials of S7 

plate showing 32 

smaU representation of 7 

stratigraphio relations of 37 

studies on 37 

Resales «6-108 

Rutaoeae. 104-106 

8. 

SabaUtes Saporta 72 

caroUnenais Berry 72 

grayanus Lesquereux 72 

magothiensis Berry 72 

»P n,iso 

SaUcaoeae ^ 75-78 

Salicales 75-73 

SalixLinn4 .*. 75-77 

ctttiMto Newberry 77 

eutawensis Berry 70-77 

flexuosa Newberry 76-70, 15f 

lesquereuxU Berry 7e 

weekU Newberry 77 

protoo^^oUa Lesquereux 76 

>l«xvoM (Newberry) Lesquereux 75 

/anoeotola Lesquereux 77 

lifiMft^oIia Lesquereux 75 

{on^olia Lesquereux 76 

Sanders Ferry Bluff, Ala., section measured and fossU plants 

coUectedat 20 

Sapindaoeae 111-112 

Sapindales 106-112 

Sapindus Linn^ 111-112 

apiculatus Velenovsky 112 

caudatus Lesquereux 112 

diversifolius 112 

morrisoni Heer (Lesquereux MS.) lit 

variabiUs Berry, n. sp in-llS.lW 

Sapotaoeae 185-136 

Sapotadtes Ettingshauaen 135-136 

ettftngshauseni Berry, n. sp 186,ltf8 

f ormosus Berry, n.8p IW6, 169 

haydenUHeer 136 

sbirleyensis Berry, n. sp ltO-190, 157, IM 

Sassafras Nees 84,120-121 

acutilobum Leequereux 190-lSl 

Selma cbaUc, distribution of 8 

nature of 86-37 

Selmer, Tenn., fossU plants coUected near 88-39 

Sequoia EndUcher 64-67 

ambiguaHeer 65,00-07,145 

condnnaHeer 67 

eouUHaeBmr 65 

tfeiM^oIia Fontaine 65 

tastigiata (Sternberg) Heer 07 

heterophylla Velenovsky 06-00 

^radlit Fontaine 66 

Heer 67 

gneUUma (Lesquereux) Newberry 61,69 



IKPEX. 



177 



Page. 

Beqnola k«f«ropkyaa Velcnovsky. 54 

langsdorfll 65 

reicbenbachi (QeinlU) Heer e4-«6,/45 

reidk«nteeki (Oelnitz) Heer 61 

longifolia Fontaine 64 

sabulata Heer 67 

ae^uokt t inferna Ward 65 

ip. Fontaine 65 

Shirleys Mill, Ala., plate showing roadside wash in Tuscaloosa 

f onnation near 16 

section measured and fossil plants collected at 16-17 

Smith, E. A., discoveries by 11-12 

Snow plantation, seodon measured and fossil plants collected on. . 1^20 

Spermatophyta 55, 141 

Sphaerites Unger 49 

alabamensis Berry, n. sp 49,84,/^ 

problematicus 4tt 

raritanensis 49 

Stephenson, L. W., work of 12 

Sterculiaceae 117-118 

Sterculia Linn« 49,117-118 

minima Berry 117 

mucronata Lesquerenx 117 

snowii Lesquereux *. 117-118 

tennesseensis Berry 117-118,/7/ 

Systematic arrangement of species represented 8-11 

T. 

Taeniopteris 55 

Taxodinm ramosum 69 

Temstroemites , 107, 109 

Thallophyta 49 

Thinnfeldia 63 

lesqiureit^na Heer 57,58 

fubifUegrifolia (Lesquereux) Knowlton 57,58 

Tkuite* alientu Sternberg 67 

Thymeleales 118-125 

Thyrsopteris 53 

Tiliaoeae 116-117 

Trtcalydtes HoUick 137-138 

nu^or 138 

papyraceus Hollick l$7-118,/ff7 

Tnmion RaftaMsque 57,70 

carolinianum Berry (7) 70 

Tuscaloosa, Ala., fossil plants collected at 17-18 

66628*'— 19 12 



Page. 

Tuscaloosa formation, distribution of 7,12 

field work on 11-12 

flora of, composition, origin, and evolution of 22-25 

correlation of 3^-41 

distribution of species of 4^-48 

lithologic character of 12-13 

platesshowlng : 14,15 

sections of 14-22 

strattgraphic relations of 14 

Tuscaloosa time, climate of 29-30 

deposition in ; 26 

phjrsiography of 26 

Typhaeloipum cretaceum 71 

Umbellales 128-130 

Urticales 78-83 

V. 
Vitaceae 115 

W. 

Ward, L. F.; species collected by 12 

Whites Bluff, Ala., section measured and fossil plants collected at. 21-22 
Tuscaloosa formation in, plate showing 14 

Widdringtonia 68,69 

rtkkU (Ettingshausen) Velenovsky 09 

Widdringtonites Endlicher 67-70 

/wfi^iw (Sternberg) Endlicher 67 

ramosu» (Fontaine) Barry 68 

reichil (Ettingshausen) Heer 00-70 

subtilisHeer «7-«8,f47 

Woodbine sand, flora of, relation of the Tuscaloosa flora to 41 

Y. 
Yuccites 71 

Z. 

Zamites tenuinervis Fontaine 56 

Zlsyphus Linn« 112-113 

cliffwoodensis Berry 113 

elegans HolUck 113 

groenlandicus Heer 113 

lamarensis Berry 112-11$ 

lanrif olius Berry 11$ 

lewisiana 118 

oblongus Hollick 118 

vulgaris Lamarck ^ 113 



ADDITIONAL COPIES 

or THIS PUBUCATION MAT BE PROCUBBD rROM 

THE SUPERINTENDENT OP DOCUMENTS 

GOVERNMENT PRINTINO OmCB 

WA8HINOTON, D. C. 

AT 

50 CENTS PER COPY 



DEPARTMENT OF THE INTERIOR 

Franklin K. Lane, Secretary 



UNITED STATES GEOLOGICAL SURVEY 

George Otis Smith, Director 



Professioiial Paper 113 



IRON-DEPOSITING BACTERIA AND THEIR 

GEOLOGIC RELATIONS 



EDMUND CECIL HAEDER 




WASHINGTON 

OOTBBNKENT PBINTINa OFFIOB 

1919 



> 



CONTENTS. 



■^ 



Preface, by F. L. Ransomc 5 

Introduction , 7 

Acknowledgments 7 

The iron-depositing bacteria * 8 

General classification and morphology 8 

General physiology 11 

Results of the present investigation 13 

Occurrence and morphology of iron-depoeiting thread bacteria 13 

Crenothrix polyspora Cohn 13 

Leptothrix ochracea KUtzing 16 

OalUonella ferruginea Ehrenburg 22 

Spirophyllumferrugineum Ellis 24 

Other iron-depositing bacteria 29 

Experiments on precipitation of iron from solutions by bacteria 31 

Precipitation of ferric hydroxide and basic ferric salts from ferric ammonium citrate solutions 31 

Precipitation of ferric hydroxide and basic ferric salts from other solutions containing organic iron .... 36 

Precipitation of ferric hydroxide and basic ferric salts from solutions containing inorganic iron 38 

Precipitation of ferrous sulphide from solutions containing iron 40 

^ Geologic importance of iron-depositing bacteria 44 

Iron in the earth's crust 44 

Decomposition of iron-bearing minerals 46 

V Types of sedimentary iron gres and iron formations 48 

General f eatiu'es 48 

Deposits originally laid down mainly as ferric hydroxide 49 

Deposits originally laid down mainly as ferrous carbonate 54 

Deposits originally laid down mainly as iron silicates 57 

Deposits originally laid down mainly as iron sulphide 60 

Formation of sedimentary iron-bearing deposits 64 

Deposition of iron by mechanical processes 64 

- Deposition of iron by chemical processes 64 

Formation of deposits of ferric hydroxide 64 

Formation of deposits of ferrous carbonate 71 

Formation of deposits of iron silicate 73 

Formation ol deposits of iron sulphide 74 

- Deposition of iron by biologic agencies ^ 75 

Formation of deposits of ferric hydroxide 75 

Formation of deposits of ferrous sulphide 82 

Bibliography 84 

Index 87 

8 



ILLUSTRATIONS. 



Pa^e. 

Plate I. ^, a, Thread of CrtnoOinx polyaporahh^ Upper portion of the same thread showing conidia in the 
upper part of the sheath and ordinary vegetative shells in the lower part; c, Portions of threads of 
Crenothrix polyspora, showing vegetative cells, conidia, and germination of cells within the sheaths; 

B, Photomicrograph of threads of Crenothrix polyapora from city water of Madison, Wis 14 

II. Aj Bf Photomicrographs of threads of Crenothrix polyapcra from city water, Madison, Wis 15 

III. A J Bf Photomicrographs of threads of Crenothrix polyspora from city water, Madison, Wis 16 

IV. Af Bf Photomicrographs of ocherous scum in iron spring near Lake Kegonsa, Madison, Wis 17 

V. Ay Photomicrograph of material from 262-foot level, Kennedy mine, Cuyuna, Minn.; B, Photo- 
micrograph of ocherous scum on 262-foot level, Kennedy mine, Cuyima, Minn _ 18 

VI. Af B, Photomicrographs of ocherous, gelatinous scum from lOQ-foot level. Federal mine, Hazel 

Green, Wis 19 

VII. Ay Photomicrograph of ocherous, gelatinous scum from 100-foot level. Federal mine. Hazel Green, 

Wis. ; By Photomicrograph of double twisted ribbon-like form of Spirophyllum ferrugtneum from 



city water, Madison, Wis 



22 

VIII. Ay Photomicrograph of ocherous scrun from 300-foot level, Judson mine. Alpha, Mich.; B, Photomi- 
crograph of ocherous scimi from 200-foot level, Judson mine. Alpha, Mich 23 

IX. ^, Photomicrograph of ocherous scum from iron spring near Vermilion Lake, Soudan, Minn. ; B, Photo- 
micrograph of limonite powder from tubercle of iron rust 26 

X. Ay By Cultiu'es showing the precipitation of ferric hydroxide from solutions of ferric ammonium citrate . 27 
XI. Cultures showing the effect of sterilization in the precipitation of ferric hydroxide from solutions of 

ferric ammoniimi citrate 32 

XII. Ay Petri dishes showing colonies of lower bacteria which precipitate ferric hydroxide from agar con- 
taining ferric ammonium citrate; B, Photomicrograph of a pure culture of one type of lower bacteria 

which has the power of precipitating ferric hydroxide from solutions of ferric ammoniimi citrate. . . 33 

Figure 1. Portion of a thread of Crenothrix polyspora showing formation of conidia 15 

2. Portion of a thread of Crenothrix polyspora showing thick coating of ferric hydroxide 16 * 

3. Diagrammatic sketch of Spirophyllum ferrugineumy Gallumella ferrugineay and Leptothrix ochracea. . . 19 

4. Portions of threads of Leptothrix ochracea showing straight and curved forms 20 

5. Portions of threads of Leptothrix ochracea 20 

6. Portions of threads of Leptothrix ochraceay one of them showing nodular projections 21 

7. Loosely twisted ropelike form of Gallionellaferruginea 23 

8. Closely twisted ropelike form of Cktllionella ferruginea 23 

9. Various forms of Spirophyllum ferrugineum 27 

10. Irregularly twisted forms of Spirophyllum ferrugineum 28 

11. Single and double twisted ribbon-like forms of Spirophyllum ferrugineum 28 

12. Irregularly twisted forms of Spirophyllum ferrugineum with granular coatings probably consisting of 

ferric hydroxide 29 

13. Various forms of fossil Spirophyllum ferrugineum from tubercle of iron rust 29 

14. Various forms of lower bacteria which have the power of precipitating ferric hydroxide from solutions 

of ferric ammonium citrate 34 

4 



PREFACE. 



By F. L. Ransome. 



The enormous importance of bacteria in all 
that pertains to the nutrition and well-being 
of animals and of the higher plants is to-day 
a matter of wide recognition, even by those 
whose knowledge of the part played by these 
minute and wonderful organisms is far from 
exact. The investigations of Pasteur opened 
our eyes to their deadly power in disease and 
their enormous efficiency in processes of fermen- 
tation and decay. Realization of the influence 
of bacteria in affecting the character and fer- 
tility of soils, in bringing about rock decay, and 
in producing other geologic results has come 
more slowly. 

It has been known, however, since 1836 that 
certain bacteria have the power of withdraw- 
ing iron from solution and causing its precipi- 
tation as ferric hydroxide. The precipitation 
of iron sulphide by bacterial processes has also 
been known for some time. The geologic ap- 
plications of these discoveries, though pre- 
dicted by some to be far-reaching, have been 
rather slowly made, and it is safe to say that 
many geologists have paid little attention to 
the po&sible extent of bacterial action in the 
deposition of iron ores. Latel}^, in connection 
with the studies in the geology of the Coastal 
Plain, now in progress under the direction of 
T. W. Vaughan, the part played by bacteria in 
the deposition of limestones has been specially 
investigated and found to be important. Simi- 
larly when Mr. Harder, who has devoted par- 
ticular attention for some years to the occur- 
rence of iron ores both in the United States 
and abroad, was detailed to study the Cuyuna 
Range, Minn., he found an opportunity in 
the laboratories of the University of Wiscon- 
sin to pursue investigations on the iron-depos- 
iting bacteria. The report here presented 
records the results of this research. 

Opinions have differed a3 to the mode 
whereby the bacteria withdraw iron from solu- 
tion. Some investigators have maintained that 



the deposition of iron hydroxide is one of the 
vital processes of the organism and as such is 
effected directly by the action of the living 
cell; others that the precipitation is purely 
chemical and is incidental rather than essen- 
tial to bacterial life; and still others that the 
accumulation is mechanical, particles of iron 
hydroxide present in the water being caught 
and held by mucilaginous parts of the bacteria. 

In the course of his work Mr. Harder has 
found that in addition to the iron-depositing 
bacteria proper, chiefly the higher or thread 
bacteria, probably many of the common bac- 
teria of soil and water are active in the precipi- 
tation of ferric hydroxide or basic ferric salts 
from soluticms containing iron salts of organic 
acids. This result is believed to be new. Such 
bacteria apparently utilize some constituent of 
the salt other than iron, the iron hydroxide 
being left as a waste product. 

Mr. Harder concludes that, according to 
present knowledge, there are three principal 
groups of iron-depositing bacteria — (1) those 
that precipitate ferric hydroxide from solu- 
tions of ferrous bicarbonate, using the carbon 
dioxide set free and the available energy of the 
reaction for their life processes; (2) those 
that do not require ferrous bicarbonate for 
their vital processes but that cause the depo- 
sition of ferric hydroxide when either inor- 
ganic or organic iron salts are present; and (3) 
those that attack iron salts of organic acids, 
using the organic acid radicle as food and leav- 
ing ferric hydroxide, or basic ferric salts that 
gradually change to ferric hydroxide. 

In addition to recording much that is new 
concerning iron-depositing bacteria, Mr. Har- 
der'3 report constitutes a valuable critical siun- 
mary of previous work and should serve a use- 
ful purpose in bringing before geologists a di- 
gest of practically all that is known on the sub- 
ject, supplemented by a carefully prepared 
bibliography. 
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IRON-DEPOSITING BACTERIA AND THEIR GEOLOGIC REUTIONS, 



By Edmund Cecil Harder. 



INTRODUCTION. 

As early as 1836 it was found by Ehrenberg 
that organisms play an important part in the 
formation of ocherous deposits of bog iron ore. 
Since that time these organisms have been 
studied by various investigators, who have de- 
termined their position in the classification of 
lower plant forms, have investigated the life 
histories of some of them, and have studied 
their morphology and their physiologic proc- 
esses. Nearly all of this work, however, has 
been done from the 3tandpoint of the biologist, 
and the geologic significance has received- only 
minor consideration. 

For a nimiber of years I have been engaged 
in a study of iron ores in different parts of the 
world and have paid special attention to the 
mode of origin of these deposits. I have been 
impressed with the diflSculty of explaining the 
accumulation of large masses of ferric oxide 
by simple chemical processes* Certain iron- 
ore deposits, such as limestone-contact ores, 
ores formed by magmatic segregation, and 
some types of veins undoubtedly owe their 
origin to igneous agencies, but there are other 
deposits of enormous extent, such as sedimen- 
tary ores, bog ores, and deposits formed by sur- 
face concentration, which have no igneous as- 
sociations and the origin of which has usually 
been attributed to simple oxidation and precip- 
itation from solutions containing ferrous iron. 
It is with reference to the la^st class that I have 
endeavored to find a more efficient agent of pre- 
cipitation under all conditions and have taken 
up the study of the organisms which precipi- 
tate iron oxide. 

In order to pursue this investigation intelli- 
gently, it was of course necessary to study the 



organisms both in the laboratory and in the 
field. It was necessary to show the widespread 
occurrence of the organisms, as well as to prove 
their effectiveness in precipitating ferric hy- 
droxide from solution. 

In the field work many iron springs, bogs, 
mines, and streams were examined for the 
presence of deposits of ferric hydroxide, and 
when found sainples were taken to the labora- 
tory and examined microscopically and some 
of them chemically. The morphology of the 
organisms was studied and laboratorj^ cultures 
were made from them in attempts to study the 
physiology. Many different iron compounds, 
were used in the laboratory work, organic as 
well as inorganic, and the activity of the organ- 
isms in precipitating ferric hydroxide from 
each compound was studied. 

In general it was found that iron-precipitat- 
ing organisms were present wherever iron- 
bearing waters occur, both underground in 
wells and mines and in surface waters. It was 
found that the ocherous scums which occur in 
such localities consisted mainly and in many 
places entirely of iron-precipitating organisms 
or their remains. These were found to belong 
chiefly to the class of organisms known as 
thread bacteria. 

It was determined also that solutions of 
certain iron compounds, when inoculated with 
almost any type of natural water or of soil, 
showed a precipitation of ferric hydroxide by 
certain types of lower bacteria, thus indicat- 
ing the almost imiversal presence in nature of 
organisms capable of precipitating iron from 

solution. 
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involved. Prof. W. H. Himter, of the depart- 
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THE raON-DEPOSITING BACTERIA, 
OEHEBAL CLASSIFICATIOH AND XO&PHOLOGY. 

Until recently the term " iron bacteria " was 
applied to a certain group of filamentous bac- 
teria that have the power of precipitating fer- 
ric hydroxide from iron solutions. These or- 
ganisms were classified by Migula under the 
general term Trichobacteria or "higher bac- 
teria" to distinguish them from the Haplo- 
bacteria or "lower bacteria" to which ordi- 
nary coccus, bacillus, and spirillum forms be- 
long. Besides the iron bacteria, such as 
Crenoth/rix^ GaUionella^ Spirophyllum^ Lepto- 
thrix^ and Clonotkrix^ there were included 
under "higher bacteria" certain soil and. 
pathogenic bacteria, such as Cladothrix^ Strep- 
tothrix^ Phrdgmidiothrix^ and Actinomy<'es^ 
and a third group, the "sulphur bacteria," 
also a higher bacterial type, was classed inde- 
pendently as Thiobacteria. It was supposed 
that all iron bacteria belonged to the higher 
type, until about 1908, when Molisch discov- 
ered certain coccus forms that had the power of 
precipitating ferric hydroxide. Still more re- 
centlv Mumford claims to have isolated a 



bacillus that has the same power, and it seems 
quite probable that many other species of both 
lower and higher bacteria may be found that 
precipitate ferric hydroxide from iron solu- 
tions. 

The higher bacteria are distinguished from 
the lower bacteria by their morphology and 
their methods of reproduction.^ Lower bac- 
teria occur as spherical, rod-shaped, or spiral 
forms and reproduce by simple cell division. 
Higher bacteria occur as long threads, which 
are usually composed of many individual cells, 
and which generally reproduce by the forma- 
tion of conidia or swarm spores. In some spe- 
cies of higher bacteria conidia or swarm spores 
are produced by the division of cells which 
form part of the thread, whereas in other 
species small protrusions are said to form 
along the sides of the threads and in time 
separate themselves from the threads as 
conidia. 

Higher iron bacteria present a variety of 
forms, such as single threads ccmiposed of cy- 
lindrical cells placed end to end and generally 
inclosed in sheaths; ribbon forms, twisted spi- 
rally ; cylindrical threads showing false branch- 
ing, or coiled threads or ribbon forms produced 
by the bending of the filaments in the middle 
and the twisting of the ends around each other 
like rope. 

According to Migula 's general classification, 
the iron bacteria may be grouped as follows:* 

A. Eubacteria (true bacteria). 

1. Haplobacteria (lower bacteria). 

a. Coccaceae (2 species of iron bacteria 
known ) . 

Slderocapsa treubll. 
Slderocapsa major. 

b. Bacterlaceae (1 species of Iron bacteria 
de8crll)eil ) . 

Bacillus M. 7. 

c. Splrillaceae (no known species of Iron bac- 
teria ) . 



1 Bonecke, Wilhelm, Bau und Loben der Bakterlen, pp. 
487-498. Leipzig, 1912. 

Rullman, W., ElRenbakterien, Cladotrlcbeen. Streptotri 
che^i, UDd Actinomyceten, In Lafar's Handbuch der technla- 
chen Mykologie, AuflaRe 2, Band 3, pp. 190-214, Jena, 
1904-5. 

Migula, W., System der Bakterien, Band 2, p. 1081, Jena« 
1897-1900. 

Molisch, Hans, Die Elsenbakterlen, Jena, 1910. 

Ellis, David, The iron bacteria : Scl. ProgrogR, vol. 10, 
pp. 374-392, 1916. 

' Adapted in part from Migula and in part from Banecke 
and Ellis. 
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A. Eubacteiia (true bacteria) — Continued. 

2. Trlchobacterla (higher bacteria) (numerous 
species of iron bacteria). 

a. Thread bacteria consisting of sheaths with 
Included cells generally plainly visible; re- 
production by Internally produced conldia 
or by the separation of motile or nonmotlle 
cells. 

Crenothrix polyspora. 

Cladothrix dlchotoma. 

Clonothrlx fusca. 

Leptothrlx ochracea (Chlamydothrlx och- 

racea). 
Chlamydothrlx sideropous (Leptothrlx 

slderopous). 
Megalothrlx dlscophora. 

b. Thread bacteria showing no division Into 
separate cells; method of reproduction not 
definitely established but supposed to l>e by 
breaking off of parts of threads and per- 
haps by external abstrlctlon of conldia. 

Galllonella ferruglnea (Chlamydothrlx 

ferruglnea ) . 
Splrophyllum ferrugineum. 
Nodofollum ferrugineum. 
Conldlothrlx. ( ?) 
B. Thlobacterla ( sulphur bacteria ) (no known species 
of Iron bacteria). 

Siderocapsa was found by Molisch* to occur 
on the submerged leaves or steins of certain 
water plants on which it exists in the form of 
little irregular ringlike colonies. Frequently 
it forms a brown incrustation covering the en- 
tire submerged portion of the plants. It is a 
common coccus form and is said to be one of 
the most abundant of water bacteria. It is 
believed by Molisch to be an important agent 
in the formation of bog iron ores. 

Bacillus M. 7 was discovered by Mumford^ 
during an examination of iron-bearing col- 
liery waters in England. He examined the 
brownish ocherous scum which formed in a 
basin into which the mine waters emptied and 
found that it consisted of a mass of ferric 
hydroxide of fine granular texture with some 
scattered threads of higher iron bacteria. 
After various inoculations of this granular 
material in culture media a bacillus was iso- 
lated which produced an enzyme that had the 
power of precipitating ferric hydroxide from 
either ferrous or ferric solutions. Mumford 
states that he succeeded in isolating the enzyme 
from the organism by filtration. 
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»Mollfich, Hans, Siderocapsa *re«M< Molisch, elne neae 
weitverbreltote Elsenbakterlo : Centralbl. Bakteriologie, Abt. 
2, Band 29, p. 243, 1911 ; IMe Elsenbaktorlen. Jena, 1910. 

• Mumford, E. M., A new Iron bacterium : Chem. Soc. Jour.. 
rol. 103, pp. 645-650, 1913. . 



Crenothrix^ is the largest of the iron bac- 
teria and is found most commonly at the bot- 
toms of wells and in city water pipes. Less 
than 2 parts of iron per million in water is 
sufficient to support the activity of Crenothrix, 

In its manner of growth and reproduction, 
Crenothrix is one of the most interesting of 
the iron bacteria. It is sessile; the attached 
end is thin and the organism gradually thick- 
ens toward the free end. The separate cells 
that make up a thread of Crenothrix are 
clearly distinguishable, being rod shaped and 
placed end to end in a sheath. Toward the up- 
per end of the filament the cells are seen to 
divide, at first transversely and then longitu- 
dinally, so that a large number of small spheri- 
cal cells are formed near the upper end of the 
filament. These are the conidia, which leave 
the parent sheath and form new threads. Fre- 
quently conidia are prevented from leaving 
the sheath, and then they germinate within 
the sheath and thrust their filaments through 
the walls, giving the^ appearance of numer- 
ous little branches extending from the parent 
filament. 

Clonothrlx^ and Cladothrix^ are forms re- 
lated to Crenothrix but differ from it in show- 
ing false branching. This is caused by one 
cell pushing by the next above it and then 
dividing and pushing its way through the 
sheath. Clonothrlx reproduces by the forma- 

*CohD, F. J., Ueber den Brunnenfaden {Orenothriw polp- 
ttpora) mit Bemerkungcn ueber die mlkroskopische analyse 
des Brunnenwassers : Beltr. Blologle Pflanzen, Band 1, Heft 
1, pp. 108-131, 1875. 

Zopf, W., EntwtcklungsffeschichtUcbe Untersuchuni^en tiber 
CrenothrU' polyspora, die Ursache der Berliner Wasaerkala- 
mltat, Berlin. 1879. 

Rtfssler, O., Ueber Kultlvienmg von Crenothriw polyapora 
auf festem Nttbrboden : Archlv Pharmade, Band 233, pp. 
189-191, 1895. 

Adier, Oscar, Ueber Elsenbakterlen und ihrer Bezlehung zu 
den therapeMtlsch verwendeten natUrllcben Elsenwilssem : 
Centralbl. Baktertologle, Abt. 2, Band 11, pp. 215-219, 277- 
278, 1903-4. 

Schorler, B„ Beltrftge zur Kenntnla der Elsenbakterlen : 
Centralbl. Bakteriologle, Abt. 2, Band 12, pp. 681-695, 1904. 

Beytblen, Hempel, and Kraft, BeltrftRe «ur Kenntnls des 
Vorkommens von Crenothrix polyapora in Bninnenwassem : 
Zeltschr. Untersuchung Nahrungs- und Genussmlttel, 1904. 
Heft 4, p. 215. 

RuUmann, W., T^ebcr Elsenbakterlen : Cen'iralbl. Bakterl- 
ologle. Abt. 2. Band. 33. pp. 277-289. 1912. 

* Schorler, B., BeltrRge aur Kenntnls der Elsenbakterlen : 
Centralbl. Bakteriolosle. Abt, 2, Band 12, pp. 6S1-093. 1904. 

» Cohn, F. J., Untersucbungen ueber Bakterlen : Beltr. Bl- 
ologle Pflanzen, Band 1, Heft 3, p. 185. 1875. 

Zopf, W., Zur Morphologle der Spaltpflanzen, Leipzig, 
1882. 

Ellis, David, An Investigation into the life history of 
riafJolhrix (tichoioma: Roy. Soc. Proc, B, vol. 85, pp. 344- 
358, 1912. 
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tion of conidia resembling those of Crenothrix 
and by vegetative cells which slip out of the 
sheath. The threads are similar to those of 
Crenothaix but taper toward the free end 
while those of CrenotJvrix thicken toward the 
free end. Gladothrix is primarily a soil or- 
ganism and does not belong to the iron bacteria 
proper, but it is capable of depositing ferric 
hydroxide on its sheath. It reproduces by mo- 
tile and nonmotile conidia, resembling vege- 
tative cells, which either leave the ends of the 
threads or are set free by the breaking up of 
the threads. 

Leptothrix ^ is a simple thread form, usually 
free but sometimes attached at one end. The 
threads are straight or curved. They gener- 
ally have the same width throughout and con- 
sist of a sheath inside of which rod-shaped 
cells lie end to end. Only rarely, however, can 
the cells in the sheath be distinguished, due to 
the coloring in the sheath, and besides many 
dead, empty sheaths are mixed with the living 
organisms. The sheathp are yellowish brown 
from ferric hydroxide. The organism com- 
monly reproduces by fragmentation but may 
reproduce also by the separation of vegetative 
cells and by swarm cells. 

Leptothrix is found abundantly in chaly- 
beate springs, where it forms soft fluffy botry- 
oidal masses attached to the bottom or sides of 
the basins. Less commonly it occurs under- 
ground in mines or tunnels where iron-bearing 
waters issue from the rocks. The occurrence 
of iron bacteria in deep mines has to my 
knowledge not previously been mentioned in 
the literature. 

Megalothrix diacophora^ a form recently de- 
scribed by Schwers,* somewhat resembles Lep- 
tothrix but differs from it in being thicker and 
in possessing a very thick sheath. Inside of 
this sheath is a narrow canal in which long 
cylindrical cells are occasionally seen. The 

» KOtzlng, Phycologla generalls, p. 198, 1843. 

Migula. W., System der Bakterlen, Band 2, p. 1031, Jena, 
1900. 

Wlnogradaky, S., Ueber Eisenbakterlen : Bot Zeltung, 
Band 46, pp. 262-270, 1888. 

Schorler, B., Beltrllge zur Kenntnis der Eisenbakterlen : 
Centralbl. Bakterlologle, Abt. 2, Band 12, pp. 681-695, 1904. 

Ellis, David, A contribution to our knowledge of the thread 
bacteria; Centralbl. Bakteriologle, Abt. 2, Band 19, pp. 502- 
518, 1907; Band 26, pp. 321-329, 1910. 

Molisch, Hans, Die Eisenbakterlen, Jena, 1910. 

' Schwers, Henri, MegalothHw discophora, elne neue Eisen- 
baktorlc : Centralbl. Bakteriologle, Abt. 2, Band 33, pp. 273- 
276, 1912. 



threads have a holdfast at one end by means 
of which they attach themselves to foreign 
objects. Some of them show dichotomous 
branching. 

GdllioneUa^ in its typical form consists of 
spiral thi'eads coiled together into double or 
quadruple coils like rope. The individual 
threads, which are yellow to brown, are cylin- 
drical like those of Leptothrix but are gener- 
ally much thinner. Cells have not been dis- 
tinguished within them. Though usually 
tightly wound into coils, loosely wound threads 
are frequently seen and occasionally even sin- 
gle spiral threads. 

GallioneUa is said to occur in iron-bearing 
surface waters with Leptotkrix^ but more com- 
monly it is associated with SpirophyUum in 
iron-bearing well waters and in certain mines 
where iron-bearing waters issue from the 
walls. In such places GaUioneUa and Spiro- 
phyUum form soft, spongy ocherous masses on 
the walls beneath the openings where iron wa- 
ters issue. 

SpirophyUum^ is perhaps the most abun- 
dant of the iron thread bacteria. It has the 
form of flat ribbon-like or tapelike threads 
twisted in the form of spirals. These spiral 
bands may occur as single filaments or they 
may be coiled together as in GaUimiella. Re- 
production in SpirophyUum. is commonly by 
fragmentation but is said to take place also bjr 
means of conidia, which form budlike projec- 
tions on the flat sides of the bands. This 
method of reproduction is questioned by some 
investigators. 

SpirophyUwm is abundantly distributed in 
nature. It occurs with Leptothrix in chalyb- 
eate springs and other iron-bearing surface 

* Ehrenburg, D. C. G., VorUlaflge MlttheUongen ueber das 
wlrkllfce Vorkommen fossiler Infusorien and ihre grosse Ver- 
breltung : Poggendorfs Annalen, Band 38, pp. 213-227, 1836. 

MlguIa, W., Ueber Oollionella ferruffinea Ehrenburg: 
Deutsch. bot. Gesell. Ber., Band 15, p. 321, 1897. 

KQtzlng, Species algarum, p. 250, 1849. 

Ellis, David, A contribution to our knowledge of the 
thread bacteria : Centralbl. Bakteriologle, Abt. 2, Band 19, 
pp. 502-518, 1907; Band 26, pp. 321-329, 1910. 

Schorler, B., Die Rostblldnngen in den WasserleltangB- 
rdhren : Centralbl. Bakteriologle, Abt 2, Band 15, pp. 564- 
nOS, 1906. 

* Ellis, David, On the discovery of a new genus of thread 
bacteria {SpirophpUum ferrugineum Ellis) : Roy. Soc. Edin- 
burgh Proc, vol. 27, pt. 1, pp. 21-34, 1907; A contribution 
to our knowledge of the thread bacteria : Centralbl. Bakteri- 
ologle, Abt 2, Band 19, pp. 502-518, 1907 ; Band 26, pp. 821- 
329, 1910. 

Lleske, R., Beltrllge zur Kenntnis der Physlologie von 
Spirophpllum ferrugineum Ellis: Jahrb. wlss. Botanik. Band 
49, pp. 91-127. 1911. 
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waters, alone or with Gattumella or Leptoth/rix 
in iron-bearing mine waters, and with Creno- 
thrix in city water pipes. In the latter it oc- 
casionally becomes so abundant as to cause 
turbidity of the water and even a blocking of 
the pipes due to the deposition of ferric hy- 
droxide. 

Nodofoliimi^ is described by Ellis as being 
related to SpirophyUum. It is said to consist 
of flat elliptical disks placed end to end so that 
each succeeding one is at right angles to the 
last, the whole forming a chain. Investigators 
who do not follow Ellis claim that NodofoKum 
is simply a form of SpirophyUum. 

The name Comdiothrix is suggested by 
Benecke ^ for a simple thread form resembling 
Leptothaix which has been described by Ellis. 
It differs from Leptothrix in that its cell struc- 
ture is not visible and in that it reproduces by 
conidia which form projections on the outside 
of the sheath. Thi3 form has not been defi- 
nitely identified. 

The separation of the higher iron bacteria 
into two groups, one characterized by internally 
produced conidia and the other by the external 
abstriction of conidia, seems to me questionable. 
Several investigators doubt the occurrence of 
external conidia, Ellis being practically the 
only author on record who states definitely 
that he has seen their formation and germina- 
tion. In my work, during which I have ex- 
amined iron bacteria from many different lo- 
calities, I have never certainly identified ex- 
ternal conidia, and although I have often noted 
nodular projections or attached bodies on bac- 
terial threads, most of these projection^ have 
turned out to be granules of ferric hydroxide 
or other foreign particles. It is not impossible, 
however, that further work may prove Ellis's 
contention to be correct and that other investi- 
gators will be able to definitely confirm this 
method of reproduction among iron bacteria. 

A number of other organisms besides iron 
bacteria are known which deposit ferric hy- 
droxide in their coatings or in certain parts of 
iheir bodies.' Among these are included algae, 
such as Psichohormmm^ Oedogomum^ Euglena^ 
Glosteriwm^ and Trachelomonaa^ as well as pro- 

^ Ellis, David, A coDtributlon to our knowledge of the 
thread bacteHa : CentralbL Bak^riologle, Abt. 2, Band 26, 
pp. 321-329, 1910. 

* Benecke, Wilhelm, Baa und Leben der Bakterien, pp. 489- 
492, Lelpzifir. 1912. 

*MoIi8ch« Hans, Die Elsenbakterien, pp. 53-^58, 1910. 



tozoa, such as-Rkipidodendron^P kalians teriunij 
Spongomonas^ Carchesiunij and especially a 
certain flagellate called Anthophysa^ a branch- 
like organism which commonly becomes heav- 
ily incrusted with ferric hydroxide. In my 
own work I have also found that the mycelia 
of various fungi often become impregnated 
with or coated by ferric hydroxide. 

QEHE&AL FHYSIOLO0T. 

Several explanations have been offered for 
the deposition of ferric hydroxide by iron bac- 
teria. Some investigators believe that the pre- 
cipitation is merely a chemical process, in no 
way connected with the internal activity of 
the cell, whereas others claim that the process 
is one of oxidation of ferrous to ferric com- 
pounds and that it is necessary for the life 
processes of the organisms. 

Among the first to study the activities of 
iron-depositing thread bacteria were Cohn and 
Zopf . . Cohn * believed that the ferric hydrox- 
ide was deposited as a result of the activity of 
living cells and that the deposition occurred in 
the same manner as the deposition of silica 
takes place in the tests of diatoms. Zopf^ 
some years later stated that he found ferric 
hydroxide being deposited on empty sheaths 
from which all living cells had been removed. 
He was of the opinion, therefore, that the stor- 
ing up of ferric hydroxide in the sheaths was 
merely the result of mechanical processes, the 
iron compounds being taken up by a muci- 
laginous coating on the sheaths. 

Later Winogradsky • investigated the physi- 
ology of iron bacteria. His experiments were 
conducted with Leptothrix^ and in a publica- 
tion of his results in 1888 he states that Lepto- 
thrix will live and grow only in solutions in 
which iron is present in the ferrous form, and 
that only where living cells are present in a 
sheath is there any coloration of the sheath due 
to the oxidation of ferrous salts. He also 
found that the sheaths would not take up me- 
chanically any ferric hydroxide which may be 
present in the solution and believed that the 

* Cohn, P. J., Ueber den Brunnenfaden (Crenothria poly- 
Bpora) mlt Bemerkungen ueber die mikroskoplsche Analyse 
des Bmnnenwassers : Beltr. Blologle Pflansen, Band 1, Ileft 
1, pp. 108-131, 1875. 

* Zopf, W., Zur Morphologle der Spaltpflanzen, Lelpslg, 
1882. 

* Winogradsky, S.. Ueber Elsenbakterien : Bot. Zeitung, 
Band 40, pp. 262-270, 1888. 
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coloration is due to ferric hydroxide being 
given off by the cells and caught in the sheath 
which incloses them. 

He concludes from this that the oxidation of 
ferrous compounds to form ferric hydroxide 
is necessary for the life and growth of the or- 
ganisms and that this process furnishes energy 
to the cell for the assimilation of food. The 
food consists of organic compounds present in 
the water. Only a small amount of organic 
matter, however, was found to be necessary to 
sustain life. Winogradsky worked with solu- 
tions of ferrous carbonate (FeCOg). 

Molisch^ (1892 and 1910), in a series of 
experiments, proved that Leptothrix will grow 
profusely in an iron-free medium, forming 
perfectly colorless sheaths. He found that 
peptone solutions were especially favorable 
for its development. If either iron or man- 
ganese compounds were present in the solu- 
tions, however, he found that they were oxi- 
dized and taken up by the sheaths. Likewise, 
Molisch states that Z,eptotknx forms thicker 
and longer threads when iron or manganese is 
present in solution and that sheaths containing 
live cells accumulate ferric hydroxide more 
abundantly. However, threads in which the 
cells have been killed by boiling in water are 
still capable of taking up ferric hydroxide in 
their sheaths. He determined further that 
where there was little chance of oxidation, a 
ferrous compound would accumulate in the 
sheath and cause the same luxuriant growth 
as ferric hydroxide. Therefore he concludes 
that though these organisms show a marked 
attraction for iron or manganese compounds, 
the reason for this is a physicochemical one. 
and the change of ferrous to ferric compounds 
is due to simple oxidation and is not con- 
nected with the life processes of the cells as 
was claimed by Winogradsky. That dead, 
empty sheaths do not take up ferric hydroxide 
to a marked extent he explains by stating that 
living cells probably have some influence in 
keeping the sheath in a condition in which it 
is able to accumulate more material. 

James Campbell Brown* made some inter- 
esting observations on the black slime which 

» MoHsch, nana. Die Elsenbakterlen, pp. 44-62, Jena, 1910 ; 
Die Pflanze In ihren Beziehungen zum Elsen, p. 71, Jena, 
1892. 

* Brown, J. C, Deposits In pipes and other channels con- 
veying potable water : Inst. Civ. EIng. Proc, vol. 156, Seas. 
190^-4, pt 2, pp. 1-17, 1004. 



collects in pipes, culverts, and other water 
channels. He finds that it consists mainly of a 
mixture of ferric hydroxide, manganese oxide, 
and organic matter and that it contains among 
other organisms abundant iron-depositing 
thread bacteria. He states that such slimes 
form only in acid waters, that they do not occur 
in neutral or alkaline waters, and that they 
frequently form in waters in which iron is not 
•present as ferrous bicarbonate. 

From his observations he concludes that 
where black slimes form in water channels iron 
is carried in solution in the form of soluble or- 
ganic salts. He believes that the iron-deposit- 
ing thread bacteria which are found in the 
slimes use the organic salts as food and set free 
ferrie hydroxide, which^ is then deposited in 
the sheaths. The mangane3e oxide he believes 
is a simple oxidation product. A small amount 
of ferric hydroxide is perhaps also formed by 
simple oxidation and becomes mixed with the 
slime. 

Ellis * in 1907 published a paper in which he 
sets forth his belief that the deposition of fer- 
ric hydroxide around bacterial threads is 
purely mechanical. He does not believe that 
Winogradsky had a valid basis for his conclu- 
sions and thinks with Zopf that the accumula- 
tion is the result of the catching up of particles 
of ferric hydroxide present in the water by a 
mucilaginous covering which surrounds the 
sheaths. The presence of such a mucilaginous 
coating was demonstrated by Zopf* in 1878. 
Ellis, like Winogradsky, worked principally 
with Leptothrix but also examined cultures of 
SpirophyUwm and Gallionella, and believes that 
what is true of Leptothrix is true of all iron 
bacteria. 

Lieske*^ in a report published in 1911 gives 
the results of various experiments made with 
SpirophyUum, He finds that this organism 
will grow only in solutions containing ferrous 
carbonate and that other ferrous salts will not 
take the place of ferrous carbonate. He finds 
not only that much organic matter impairs the 
growth of SpirophyUum and may stop it alto- 

« Ellis, David, A contribution to our knowledge of the 
thread bacteria : Centralbl. Bakterlologie, Abt. 2, Band 19, 
pp. 502-518, 1907. 

* Zopf, W., EntwIcklnngsgeschlchtUche Unterauchangen 
ueber Vrenoihrir polyspora, die Ursache der Berliner Was- 
Berkalamltiit, Berlin, 1879. 

I * Lleske, Rudolf, Beltrftge zur Kenntnls der Physlologle 
von Spirophj/Uum fcrrugincum Ellis : Jahrb. wlss, Botanik, 
Band 49, pp. 91-127, 1911. 
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gether, but that where abundant carbon di- 
oxide is present in water and organic matter is 
entirely absent this organism will grow pro- 
fusely. He concludes from this that the car- 
bonate radicle furnishes food for Spirophyl- 
lum and that the latter oxidizes ferrous car- 
bonate to ferric hydroxide mainly for the 
purpose of obtaining carbon. He believes with 
Winogradsky that the oxidation may furnish 
energy to the organism for the assimilation of 
food, which in this case is carbon dioxide. 

Lieske gives the following reaction as indi- 
cating what probably takes place in this proc- 
ess of oxidation : 

»8 kg. oal? 207 kg. oaL Wkg. oal. *206 kg. oai!j "*" ^* ' 

Mumford^ in a short paper published in 
1913 describes experiments with BacUliis M. 7, 
a new type of iron bacterium discovered by 
him. He states that this organism forms a 
precipitate of ferric hydroxide in ferric a3 well 
as ferrous solutions. Organic compounds were 
used as a source of food. He found that ferric 
hydroxide was precipitated only under aerobic 
conditions and that under anaerobic conditions 
the ferric hydroxide already precipitated was 
simply somewhat dehydrated, forming limo- 
nite or bog ore. He ascribed these reactions to 
an enzyme which, he states, he succeeded in iso- 
lating from the organisms by filtration. This 
filtered enzyme produced the same phenomena 
as the living organism. 

It is difficult to reconcile these various con- 
flicting hypotheses regarding the physiologic 
activity of iron-depositing bacteria. Some of 
the discrepancies can probably be explained by 
the fact that some of the observers were work- 
ing with different organism3 and under differ- 
ent conditions, but other discrepancies seem to 
be due to faulty observation. Molisch worked 
with Lepfothrix and found that it required or- 
ganic matter but that it did not require iron 
in solution. Lieske, on the other hand, in 
working with SpirophyWum^ finds that it re- 
quires ferrous carbonate in solution but that 
it can live in the absence of organic matter. 
Here are two different organisms that clearly 
sh6w entirely different characteristics. Such 
an explanation, however, does not apply to the 
discrepancies between the observations of Mo- 

* Mumford, E. M., A new iron bacterium : Chem. Soc. Jour., 
vol. 103, pp. 645-650, 1918. 



lisch and Winogradsky. Both of these investi- 
gators were working with Leptothrix and yet 
their results differ radically. Similarly, James 
Campbell Brown, who finds that iron-deposit- 
ing thread bacteria grow in solutions contain- 
ing no ferrous bicarbonate, concludes that iron- 
precipitating organism^ do not use inorganic 
iron compounds but must have soluble organic 
iron salts in solution. Such a conclusion is 
speculative, for although Molisch has shown 
that Leptothrix will thrive on certain organic 
iron salts in solution, Lieske has proved that 
SpirophyUum, undoubtedly will not. Besides, 
very little is known definitely about the carry- 
ing of iron in solution in natural waters in the 
form of soluble organic salts, although indica- 
tions of this possibility exist The observa- 
tions of Mumford also are opfen to doubt, for 
the reason that he did not use control cultures 
and the possibility of chemical oxidation tak- 
ing place in his ferrous solutions has not been 
eliminated. 

In general it seems reasonable to believe that 
certain iron-depositing organisms, such as 
SpirophyUum^ require ferrous bicarbonate in 
solution and can not live without it; that 
others, such as Leptothrix^ can live without 
any iron compounds, but if they are present 
can use either ferrous bicarbonate or soluble 
organic iron salts; and that still others, such 
as various lower bacteria (see pp. 29-^1) will 
use the organic radicle of certain soluble or- 
ganic iron salts when present but can not 
utilize any inorganic iron salts. The physi- 
ologic activity of iron-depositing organisms 
will be frequently referred to in the following 
discussion. 

RESULTS OF THE PRESENT INVESTIGATION. 

OCCTTB&EHCE AND XO&PHOLOGY OF IKOK-DEPOSIT- 

IHO THREAD BACTE&IA 

Crenothrix polyspora Cohn. 

The common habitat of Crenothrix poly- 
spora is in wells and in city water pipes in lo- 
calities where the water contains an appreci- 
able amount of iron in solution. It is so com- 
mon in many places both in the United States 
and in Europe that it has become known as the 
"water-pest bacterium,'" because of its tend- 
ency to produce turbidity in water due to the 
precipitation of ferric hydroxide. In Ger- 
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many Crenothrix is commonly known as 
" Brunnenfaden " (well thread), on account of 
its frequent occurrence in wells, although vari- 
ous German investigators mention its occur- 
rence in streams, canals, and other water 
bodies as well. In wells Crenothrix is de- 
scribed as occurring in dark-brown or black 
scumlike masses at the bottom or along the 
sides. The newer outer portions of such 
masses are usually lighter colored than the 
older portions. In distributing pipes Creno- 
thrix occurs in association with Spirophyllum 
and GaUionelkL, which are attached to the in- 
terior of the pipes, where they often form hard 
iron crusts. 

Most of the Crenotkrix cultures for my in- 
vestigations were obtained from the city wa- 
ter of Madison, Wis. (See Pis. I, II, and III.) 
This water, although its iron content is com- 
paratively low, contains an abundance of 
Crenothrix^ as well as GdUioneUa and Spiro- 
phyUtum. It is obtained from several deep 
wells which penetrate the Cambrian sedi- 
ments and end in the underlying granite more 
than a thousand feet below the surface. The 
following is a partial analysis of the mineral 
constituents of Madison city water by W. G. 
Crawford, of the University of Wisconsin : 

Partial analyHs of city water from Madison, Wii, 

Tart 8 per 
million. 

SiUca (Sia) 10.3 

Ferric oxide (FeaOi) 1.8 

Calcium (Ca) 62.5 

Magnesium (Mg) 36.4 

Bicarbonate radicle (HCO.) 324.5 

Sulphate radicle (SO*) 15.5 

Chlorine (CI) .4 

Free carbon dioxide (CCi) 5. 8 

The analysis shows that the water contains 
an abundance of calcium and magnesium car- 
bonates and is a typical " hard water." No at- 
tempt is made to combine the constituents into 
salts. The usual method of making such com- 
binations is at best artificial, and here it seems 
preferable to show the actual facts. The car- 
bon dioxide in the bicarbonate radicle is that 
which is combined with the bases, such as cal- 
cium, magnesium, and iron, to form carbon- 
ates or bicarbonates. The carbon dioxide 
present as free gas is shown separately. The 
sulphate radicle, which forms an appreciable 
percentage, is probably present combined with 



calcium and iron. The iron pres^it is shown 
as ferric oxide, although in the water prac- 
tically all of it is present in the ferrous form, 
mainly as carbonate or bicarbonate and per- 
haps as sulphate. It is not possible to tell in 
what relative proportion these salts occur. The 
actual quantity of m^^Uic iron present in the 
water amounts to 1.26 parts per million. This 
seems a very small amount to cause the growth 
of iron bacteria, yet it was sufficient to pro- 
duce turbidity in the water upon standing with 
free access of oxygen. 

Crenothrix polyspora is easily obtained from 
city water, in which it is present, by filtering. 
The best method is to attach a thoroughly 
cleaned and sterilized Berkefeld porcelain 
filter to a screw spigot and allow the water to 
pass through for 24 to 36 hours. At the end of 
this period a thin yellowish-brown deposit of 
ferric hydroxide will be found to coat the filter, 
unless the water is turbid, and then a heavy 
blackish-brown coating may be found. The 
latter, however, is not so desirable for cultures. 

The filter, after being removed from the 
spigot, should be immersed in a sterile solution 
of well water to which has been added, previ- 
ous to sterilizing, about 0.1 per cent of pow- 
dered ferrous carbonate (FeCOs) and about the 
same amount of sodium or potassium acetate. 
Thi3 solution diould be placed in a large beaker 
(preferably about 3,000 cubic centimeters) , and 
the filter should be suspended so as to hang 
freely in the liquid. The beaker should be cov- 
ered in order to prevent dust from settling on 
the solution. 

For incubating the cultures it is best to place 
them in an ice chest at a temperature of about 
6° to %"" C, for this retards the growth of 
molds, which otherwise rapidly develop on the 
surface of the filter and prevent the growth of 
other organisms. Within a few days Creno- 
thrix will be found to develop on the filter and 
can be obtained for examination under the mi- 
croscope by scraping material from the surface 
of the filter with a platinum needle. Impure 
cultures prepared in this manner may be kept 
for several weeks. 

Pure cultures of Crenothrix polyapora are 
difficult to obtain, not only because of the diffi- 
culty of finding artificial media in which 
Crenothrix will grow but also because the 
threads are so large that it is difficult to make 
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. B, THBEAK OF CHENOTHBIX POLYSPORA, X80: b, UPPER PORTION OF THE SAME THREAD, X9M, SHOWING 
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GERMINATION OF CELLS WITHIN THE SHEATHS. 
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transfers of the organism without taking other 
forms which may be attached to them. Boss- 
ier^ claims to have obtained pure cultures of 
Crenothrix on sterilized bricks immersed in 
water to which a small amount of ferrous sul- 
phate was added. However, he does not state 
how he obtained his material for inoculation 
nor does he mention the presence in the solu- 
tion of any other nutrient material besides fer- 
rous sulphate. Molisch * repeated these experi- 
ments but without success, and states that he 
has not been able to cultivate Crenothrix in any 
kind of artificial media even in impure cul- 
tures. He concludes that the growth of Creno- 
thrix is dependent on special conditions which 
are difficult to reproduce in the laboratory. 
Recently, however, Rullmann* succeeded in 
producing cultures of Crenothrix both in liquid 
media and on agar plates. 

As already mentioned, Crenothrix occurs as 
unbranched threads (see Pis. I, II, and III, 
and figs. 1 and 2), one end of which is at- 
tached while the other end is free. A gradual 
thickening takes place from the attached end 
to the free end with the result that the free 
end commonly has three or four times the 
width of the attached end. The individual 
cells making up the thread suffer the same de- 
crease in width toward the attached end as the 
sheath inclosing them and hence appear much 
more elongated at the attached end. 

Crenothrix threads are generally colorless 
and can only be seen with the microscope when 
the light is greatly reduced. The separate 
cells are then clearly distinguishable, as is also 
the sheath which, incloses them. The threads 
vary in length up to several millimeters, but 
usually under the microscope one does not see 
threads that exceed 0.5 millimeter in length. 
In diameter the threads vary between 2 and 9 
micra.* Only very young threads or the at- 
tached ends of the older threads are as thin as 
2 micra, and the maximum diameter, 9 micra. 
is only found in old sheaths when complete 
formation of conidia has taken place. The 
diameter of the threads is ordinarily between 

* Rdssler, O., Ueber Kultlvlerung von Crenothris poly- 
spora auf festem NUhrboden : Archly Pharmacie, Band 233, 
pp. 189-101. 1895. 

* Molisch, Hans, Die Elsenbakterlen, p. 29, Jena, 1910. 
*Riillmaiin, W., Ueber Elsenbakterlen: Centralbl. Bakterl- 

ologle, Abt 2, Band 33, p. 283, 1912. 

* The micron equals 0.001 mlUlmeter. 



3 and 5 micra near the attached end and be- 
tween 6 and 6 micra at the free end. 

The individual vegetative cells (see Pis. 1,-4, 
II, 5, and III, B) forming the thread range in 
width from 2 to 5 micra and in length from 2 
to 9 micra. The normal shape of the cells is 
cylindrical, the length being about twice the 
diameter. Just after 
cell division, however, 
which takes place 
transversely, the 
length and diameter 
are nearly equal. In 
the lower portion of 
the thread many of 
the cells have a rec- 
tangular outline with 
the square ends, 
whereas in the upper 
part of the thread the 
ends are rounded. The 
sheath inclosing the 
cells is generally thin, 
in some specimens 
being hardly distin- 
guishable from the cell 
walls themselves. 

In spore formation 
the division of cells 
takes place both trans- 
versely and longitu- 
dinally — that is, there 
is cell division in three 
directions. (See Pis. 
I and II, A.) This 
process results in the 
formation of a large 
number of spherical or 
more or less irregu- 
lar spores or conidia, 
which increase in size 
somewhat after their formation so that differ- 
ent spores range in diameter from less than 2 
micra to 4 micra. The division of cells into 
spores as a rule takes place at the end of the 
thread, but frequently it occurs at different 
points in the upper part of the thread, so that 
small round spores may be inclosed between 
cells as yet undivided. (See fig. 1.) 

The spores are nonmotile conidia. They 
are washed from the ends of the sheaths, 
distributed by currents of water, and eventu- 



FiQURE 1. — Portion of a 
thread of Orenothriw 
polyspora showing for- 
mation of conidia. The 
lower part of the thread 
consists of ordinary vege- 
tative cells. In the upper 
part are disk-shaped cells 
and conidia. Drawing 
with camera lacida. 
X 560. 
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ally become attached and germinate into new 
threads. It often happens that conidia ger- 
minate before they have a chance to leave the 
sheath, and then the new threads push their 
way through the slieath, forming a radiating 
mass of threads which appear like branches of 
the old thread all coming out at one place. 
(See Pis. I, A; II, A; and III, B.) In many 
threads germination takes place at several 
points. 

Though the young Crenothrix threads are 
colorless, older threads are commonly coated 
with a thick brown de- 
posit of ferric hydrox- 
ide, which frequently 
has a thickness of sev- 
eral times the diam- 
eter of the original 
threads. (See fig. 2.) 
Younger threads never 
have this coating and 
rarely show even a 
yellowish tint to indi- 
cate the presence of 
ferric hydroxide. 

Crenothnx is read- 
ily stained with either 
carbol-fuchsin or gen- 
tian violet. The cells 
stain deeply, but the 
sheath remains almost 
colorless. When it is 
desirable to stain the 

spores the thread may 
PiouM 2.— Portion or « V ^ . , n ^ -A. 

tbresd of crmoiArtj oe Stained nrst witn 
paivtpora showing thick cttpbol-fuchsin and 

cOHtlDK o( (crric hr- . . i -al m 

droiide. Thin young then treated with 2^ 

throadB ar* formed bj ngp ^^ut glacial acetic 

KermlDBtloD of coDldla * ., m, - -,, 

Id p.r«nt OaMb. Dr»w. acld. ThlS Will re- 

iDg with ome™ ineida. movc the Stain from 
^ ^-"^ all parts of the thread 

except the spores. The mount may then bo 
stained with gentian violet or methylene blue, 
which will restain the vegetative cells and also 
to some extent the sheath. The most sotisfac- 
tory method of staining Crenothrix is to pre- 
pare a weak staining solution consisting of 1 
part concentrated carbol-fuchsin to 10 parts of 
distilled water. The slide on which the organ- 
ism is mounted should be allowed to remain in 
this solution for 12 or 14 hours. It is fre- 
quently advantageous to treat the material 



with a dilute solution of hydrochloric acid be- 
fore staining. 

Leptotheix ochracea Kiitzing. 

Leptotkrix ochracea Kiitzing, also known as 
C'hlamydothrix ocha-acea Migula, is found 
mainly in iron-bearing surface waters of bogs, 
streams, and springs, but I have found it also 
in mine waters in the Cuyuna iron range of 
central Minnesota and in the lead and zinc 
region of southwestern Wisconsin. In some 
iron springs Lepothrix is extremely abundant, 
but in others not even a trace of it can be 
found. This irregularity in its distribution is 
probably due to a difference in composition of 
the spring waters, perhaps influenced by other 
contributing factors. In streams and bogs it is 
found principally where the water is stagnant. 

I found Leptothrix growing profusely in a 
chalybeate spring on a small creek west of 
Lake Kegonsa, about 14 miles southeast of 
Madison. (See PI. IV.) The water of this 
spring contains an abundance of ferrous iron 
in solution and has a distinct iron taste. It 
issues from the hillside about 10 feet above 
the level of the creek, forming a little basin 2 
Or 3 feet in diameter. At the top of the slope 
at various points in the vicinity are outcrops 
of Madison sandstone {Lower Ordovician), and 
the water probably derives its iron from this 
formation either from disseminated pyrite or 
from siderite. The iron is probably present in 
solution as ferrous carbonate (or bicarbonate), 
judging from the following partial analysis, 
made by G. W. Crawford, of the University of 
Wisconsin : 

partial analy»i» of water from tprlnir on creek tcctt 
of Luke Kegonta, Wi*. 

Parts per 

SUlca (StO.) 18.0 

Ferric oxide (FcO.) 5.2 

Calcium (Ca) 78.1 

Magnesium (Mg) 32.5 

Bicarbonate radicle (HCOi) 354.4 

Sulphate radicle (SO,) .0 

Chlorine (01) .4 

Free eurbon dioxide (CO.) 11.6 

A large volume of water is given off by the 
spring and there is a constant flow winter and 
summer. The water does not freeze in the 
winter. As there is no sulphate radicle pres- 
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eiit, and as the chlorine is negligible, it seems 
that in this spring at least all the calcium, 
magnesium, and iron are present in the form 
of carbonate (or bicarbonate). The iron, al- 
though given as ferric oxide in the analysis, 
is all present in the ferrous form, as is shown 
by the fact that the water as it issues from the 
spring is beautifully clear but upon standing 
soon becomes turbid on account of the oxida- 
tion of the iron by atmospheric oxygen. After 
a few days a distinct yellowish-brown deposit 
has formed at the bottom of vessels in which 
the water is kept and at the end of a week or 
two the iron is so completely precipitated that 
less than 0.2 part per million of ferric oxide re- 
mains in the solution, although the original 
content was 5.2 parts per million, as shown in 
the analysis. The 5.2 parts ferric oxide are 
equivalent to 3.69 parts metallic iron. 

LeptotJvria^ forms soft, fluffy brown botryoi- 
dal masses attached to the bottom and sides 
of the spring. The masses may be an inch or 
more in thickness and form a sort of lining 
locally along the sides and bottom of the 
spring. They consist of an almost pure cul- 
ture of Leptothrix threads, both living and 
dead, but with these here and there are threads 
of Spirophyllura^ all interwoven into a thick 
matting. 

During the course of several visits to this 
spring I had an opportunity of noting the ef- 
fect of seasonal changes on the growth of the 
iron bacteria. The most abundant growth ap- 
parently occurred in the spring and early in 
the summer ; late in the fall the growth seemed 
to be at its lowest, being less marked even than 
in midwinter. During the period of lowest 
growth Spirophyllwm seems to be somewhat 
more abundant relatively than during periods 
of luxuriant growth. 

At the Eowe mine, an open-pit iron mine 
near Riverton, in the Cuyuna district in cen- 
tral Minnesota, a number of springs of iron- 
bearing water issue directly from the ore at 
the east end of the pit. The ore is a mixture 
of limonite and more or less hydrated hema- 
tite, but the water issuing from it probably 
contains ferrous iron in solution and supports 
an abundant growth of Leptothrix and various 
algae in little depressions on the surface of the 
ore. 

65629**— 19 2 



In spring water from Middleburg, Va., pro- 
cured for me by Dr. E. B. Fred, of the Uni- 
versity of Wisconsin, I found Leptothrix oc- 
curring in abundance associated with some 
Spirophylliuin and various types of algae. The 
spring is 1 mile northwest of Middleburg. The 
iron-bearing water issues from red clay prob- 
ably derived by decomposition from Triassic 
red shale (Newark), outcrops of which occur 
within 50 feet of the spring. The waters flow 
into Wauquipin Creek, a tributary of Goose 
Creek, which empties into Potomac River 10 
to 15 miles distant. 

In the Kennedy mine, in the Cuyima iron 
ore district, Leptothrix occurs abundantly on 
some of the lower levels. (See PL V.) On 
the 262-foot level two long crosscuts penetrate 
a succession of iron ore, ferruginous chert, 
cherty siderite rock, and green chloritic schist. 
The walls of these crosscuts, where they con- 
sist of cherty siderite rock and green schist 
and where water is abundant, support a luxu- 
riant growth of Leptothrix associated with, 
some SpirophyUwrrv and GaUionella. Locally 
also pools of water on the floors of the cross- 
cuts are filled with yellowish-brown to dark- 
brown masses of these organisms. 

Microscopically the material is seen to con- 
sist very largely of Leptothrix^ but here and 
there tlu^eads of GaUionella and SpirophyUum 
are common. Most of the Leptothrix threads 
are light yellowish-brown and transparent, but 
some are dark brown and have a thick irregu- 
lar coating of ferric hydroxide. With careful 
handling very long threads of Leptothrix were 
obtained, some of which had a thick brown 
coating of ferric hydroxide at one end, though 
the other end was smooth and transparent, 
there being a gradation between the two ends. 
A few nearly colorless threads were seen which 
showed cell structure very plainly. Some of 
the cells were elongated cylindrical, some short 
cylindrical, and some were platelike. Whether 
these thread3 were really Leptothrix or whether 
they were some form of almost colorless algae 
or fungi it is not possible to say. In size and 
general form they were like Leptothrix. Other 
threads of Leptothrix occur which have little 
projections along them at intervals. These 
projections are probably little lumps of ferric 
hydroxide, but they resemble very closely the 
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conidia described by Ellis in connection with 
the form for which Benecke ^ has suggested the 
name Conidiothrix. 

A sample of the scum of iron oxide collected 
from the walls of the drifts of the Kennedy 
mine and dried at 105° C. was analyzed by W. 
G. Crawford, of the University of Wisconsin, 
with the following results : 

Analysis of scum of iron oxide from Kennedy mine, 

Minn. 

[Dried at 105** C.]. 

Ferric oxide (FeiO.) 70.56 

Silica (SIC) 7.27 

Lime (CaO) 3.41 

Magnesia (MgO) .40 

Combined water (HaO) 13.75 

Loss above 105** C. (besides combined water) 4.60 



99.99 



This analysis shows that the material pre- 
cipitated by the iron bacteria is practically 
pure ferric hydroxide, for the impurities may 
be attributed to small rock particles which 
were unavoidably included in the sample in 
collection. On the supposition that the iron is 
all present in the form of ferric hydroxide or 
limonite, 11.95 per cent of water is required to 
combine with 70.50 per cent of ferric oxide, 
making a total of 82.51 per cent limonite, or of 
49.8 per cent metallic iron. This amount leaves 
1.8 per cent of combined water unaccounted 
for, which probably means that the ferric oxide 
is in a slightly higher state of hydration than 
in the mineral limonite. The loss above 105° 
C, besides the combined water, is probably 
mainly carbon dioxide, derived from the oxi- 
dation of the carbon present in the bacterial 
sheaths. The silica, lime, and magnesia are ac- 
counted for by the presence of rock particles. 

Besides finding Leptothrix in iron springs 
and mines I have found it in river waters and 
in bogs. In river waters 1 have found it espe- 
cially common where pools of more or less 
stagnant waters occur along the banks between 
boulders or outcrops of rock. In some places 
it seems that these rocks yield iron for its 
growth. 

In bogs ferric hydroxide frequently occurs 
as a thin iridescent film on the surface of the 
water. This film results from the oxidation of 
iron compounds in solution in the water. With 

^ Benecke, Wllhelm, Bau und Leben der Bakterlen, 1012. 



such occurrences there is almost always asso- 
ciated a yellowish-brown scum or ooze along 
the sides and bottom of the pools of water. 
This scum generally consists of Leptothrix as- 
sociated with. more or less algae. It is weU 
known that, on account of the abundant pres- 
ence of decaying organic matter, bog waters 
can take a considerable, amount of iron into so- 
lution. A thin layer of water near the surface, 
which is in direct contact with the oxygen of 
the air, probably suffers oxidation, and the 
iron in solution is changed to ferric hydroxide 
and forms the surface film. Below the sur- 
face it seems reasonable to suppose that the 
iron is kept in solution to some extent by prod- 
ucts of decaying organic matter but that some 
of it is taken up by the iron bacteria and that 
ferric hydroxide is deposited on their sheaths. 
This material gradually accumulates and event- 
ually forms deposits of bog iron ore. 

On account of the abundant presence of fer- 
ric hydroxide in the sheaths, cultures of Lepto- 
thrix (and also of SpirophyUuin and OaUio- 
neUa) may be kept in .water for an almost in- 
definite length of time for purposes of study. 
It seems that although the organisms die the 
sheaths retain their natural form. 

Leptothrix ochracea has been grown in the 
laboratory by a number of investigators. The 
first laboratory cultures of Leptothrix were 
obtained by Winogradsky.* He used for the 
purpose a glass cylinder about 8 inches tall 
and placed in the bottom of this crushed hay 
which had been previously cooked. On this 
material he sprinkled some freshly precipi- 
tated ferric hydroxide and then filled the cyl- 
inder with well water. As soon as gas forma- 
tion occurred, little ocher-colored flakes and 
masses appeared on the surface of the water 
and on the sides of the glass cylinder. In 8 
or 10 days a thick, yellowish-brown deposit was 
found to cover the sides of the cylinder and on 
the surface of the water large zoogloea of the 
same color formed and gradually sank to the 
bottom. The ocher-colored masses were found 
to consist almost entirely of organisms, amor- 
phous flocculent ferric hydroxide being very 
uncommon. Among these organisms Lepto- 
thrix was almost always present. The diffi- 
culty with this culture method was that be- 

» Wlnogradaky, S., Feber Elsonbaktcrlcn : Hot. Zeitung. 
Band 40, pp. 262-270, 1888. 
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sides Leptothinx numerous other bacteria as 
well as protozoa of many varieties developed, 
so that the culture was impure. 

Adler^ made some improvement by adding 
0.05 per cent iron ammonium citrate to water 
from the city supply of Prague, which was 
taken from Moldau River, and allowing the 
solution to stand in a glass beaker. Aiter 
some days yellowish flakes of Leptothrix^ Cla- 
dothrixj and Anthophyfia developed abun- 
dantly, as well as a few protozoa. 

Molisch,* after many attempts, finally suc- 
ceeded in getting pure cultures of Leptothrix. 
In an attempt to repeat Adler's experiments by 
using water from the city supply 
of Vienna, which was derived from 
springs, he was unsuccessful, and there- 
fore he used water from Moldau River 
in all his experiments. His first ex- 
periments were for the purpose of ob- 
taining an abundant growth of Lepto- 
thrix with the least possible develop- 
ment of other forms. He took various 
organic compounds of iron and manga- 
nese and dissolved them in water from 
Moldau River, in which Leptothrix 
was known to be present. The strength 
of the solutions used was usually about 
0.05 per cent. The compounds with 
which he was most successful in ob- 
taining growths of Leptothrix were 
manganpeptone, iron ammonium 
citrate, peptone with manganese carbonate, 
manganum phospholacticum, iron sulphide 
with peptone, and iron-ammonium tartrate. 
He found that in these solutions, which were 
kept in beakers in diffused light, little brown 
spots appeared near the surface in a few days 
and that after a week or two a thick matting 
formed over the surface. This was found to 
consist mainly of Leptothrix^ but Arvthophysa 
and Cladothrix were generally abundant, and 
other protozoa and algae also frequently de- 
veloped. 

Molisch then attempted the isolation of 
T^eptothrix by growth on solid media. The 
medium which he found best adapted consisted 

of 1,000 cubic centimeters of water from Mol- 

* 

* Adler, Oscar, Ueber Eisenbakterien und Ihrer BezlehuDg 
zu den tberapeutlscb verwendeten natttrllcben Eisenw&ssern : 
Centralbl. Bakterlologle, Abt. 2, Band 11, pp. 215-219. 277- 
278, 1903-4. 

* Molisch, Hans, Die Eisenbakterlen, Jena, 1010. 



dau River, 0.05 gram of manganpeptone, and 
10 grams of agar. This medium was inocu- 
lated with Leptothrix which was obtained 
from impure cultures and wa^s incubated at 25° 
C. In a few days, among numerous other bac- 
terial colonies, certain light-brown colonies de- 
veloped which soon became dark rusty brown 
and upon examination were found to consist 
entirely of Leptothrix. 

Montf ort ' mentions the occurrence of heavy 
growths of Leptothrix ochracea in tanks con- 
taining moderately strong solutions of ferrous 
sulphate. He states also that the organism is 
easily grown in a 5 to 10 per cent solution of 




Figure 3. — Dla^ammatlc sketch of Spirophyllum ferrugineum (a), 
OaUUmella ferruginea (b), and Leptothriw ochracea (c). Shows 
difference In size and strncttire of the organisms. X about 1,080. 

ferrous sulphate, and develops under such con- 
ditions in a few days. At my request Mr. 
Montfort sent me samples of the ferrous 
sulphate with which he had obtained cultures. 
However, I was unable to duplicate his results, 
although I made several attempts. The solu- 
tions gave an abundant yellowish-brown ocher- 
ous, flocculent precipitate, due to oxidation, 
which upon .examination under the microscope 
gave no trace of any organic forms except oc- 
casional filaments of mold mycelium, some of 
which had a brown coating of ferric hydrox- 
ide. The precipitate consisted mainly of 
brownish-yellow mixed granular and flocculent 
material, probably partly basic ferric sulphate 
and partly ferric hydroxide. 

Leptothrix ochracea (see Pis. IV and V and 
figs. 3, 4, 5, and 6) commonly occurs as un- 

* Montfort* W. F., Dry feed of chemicals In water purifica- 
tion : Am. Waterworks Assoc. Jour., vol. 2, pp. 204-205, 1915. 
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branched threads of the same width through- 
out and with usually no visible differentiation 




FiocnE 4. — PortionH of threads of Leptothris ochracea show- 
ing straight and carved forms. Drawing with camera 
iQcida. X 550. 

between the two ends. Ellis ^ described Lep- 
totkrix threads as being free at both ends and 
being held in place only because numerous 
threads intertwine with each other to 
form a thick matting which becomes 
attached to foreign objects. Benecke,^ 
on the other hand, states that some of 
the threads are sessile and that then 
they show a thickening toward the at- 
tached end. ChZamydothrix sideroptcs, 
a related species, has a well-developed 
holdfast.^ 

Threads of Leptothrix ochracea al- 
most invariably have a light yellowish- 
brown color, due to the presence of 
ferric hydroxide in the sheaths, which 
enables them to be studied without 
staining. They are very difficult to 
stain. I have tried staining with gen- 
tian violet, carbol fuchsin, and methy- 
lene blue, both with and without pre- 
vious treatment with dilute hydrochlo- 
ric acid, and the results have been very 
unsatisfactory. By careful treatment with di- 
lute hydrochloric acid, however, and then stain- 

> Ellis, David, A contribution to our Icnowledge of the 
thread bacteria: Centralbl. Bakterlologie, Abt. 2, Band 19, 
pp. 503-505, 1907. 

* Beneclce, Wilhelm, Ban und Leben der Bakterien, p. 489, 
1912. 

•Molisch, Hans, Die Eisenbakterien, pp. 14-16, 1911. 



ing for 10 or 12 hours in a dilute solution of 
carbol fuchsin, I have succeeded in staining the 
sheaths, but I have not been able by any 
method to bring out clearly the cell structure. 

The average width of the threads of Lepto- 
tkrix is about 1\ micra, but they range in 
width from 1 micron to 2 micra. The longest 
thread that I have noted measured about 120 
micra, or about one-eighth of a millimeter, but 
doubtless the threads grow to a much greater 
length, being broken during the manipulations 
necessary for microscopic examination. Gen- 
erally the threads are slightly curved or undu- 
latory, but some short threads are quite 
straight. Rarely Leptothrix may be twisted 
spirally into a corkscrew form. 

In fresh cultures of Leptothrnx I have occa- 
sionallv seen threads that show a differentiaticm 
into cells. The cells are usually long cylin- 
drical in shape with slightly rounded ends. 
They vary greatly in length, but generally the 
length is many times the width. By far the 
greater mass of threads in ordinary cultures, 
however, shows no cell structure whatever, 
which may be due to the cells being obscured 
by the ferric hydroxide that colors the sheath 




FiGUttE 5. — Portions of threads of Leptothrix ochracea. Drawing 

with camera lucida. X 1.080. 

or to the sheaths being empty. Molisch * states 
that by treatment of the threads with a 2 to 5 
per cent solution of hydrochloric acid he was 
able to dissolve the ferric hydroxide from the 
sheath and thus brought out very plainly the 

* Molisch, Hans, op. cit., p. 22. 
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cell structure in threads that under ordinary 
conditions showed no cell structure whatever. 
I have attempted this with many cultures but 
without success, perhaps because the cultures 
used were too old. 

Leptothrix ocTvracea is said by Molisch ^ to re- 
produce in three ways — ^by fragmentation (that 
is, by the breaking off of small fragments of 
threads which in time grow into new threads), 
by the forcing out of end cells from the thread, 
and by swarm cells. The swarm cells are cy- 
lindrical rods with rounded ends 0.6 to 0.8 
micron in width and attain a maximum length 
of 14 micra. Some of them are threadlike and 
consist of several cells. Their movement is 




FiQUBB 0. — Portions of threads of Leptothrix ochracea, one 
of thorn showinfiT nodular projections. Drawinsr with 
camera ludda. X 1*080. 



backward and forward, as well as rotational 
around the longer axis. The swarm cells after 
they leave the cell swim around and finally 
attach themselves and form new threads. . Fre- 
quently they attach themselves to old threads 
and thus simulate branching forms. Swarm 
cells are said to stain readily with aniline dyes. 
EUis,^ in his descriptions of Z<?/?^<?^Am?, states 
that it reproduces by the formation of conidia. 
He described Leptothrix as a simple thread, 
straight or curved, which shows no cell struc- 
ture. The conidia form small spherical pro- 
jections on the sides of the threads and gradu- 
ally detach themselves and are carried away 

' ^ Molisch, Hans, op. cit, p. 43. 
•Ellis, David, op. clt. 



by currents to other places, where they germi- 
nate and produce new threads. According to 
Ellis, this is the common mode of reproduction 
for Leptothrix. Molisch, however, states that 
he has never seen these conidia and doubts 
their existence, believing that the projections 
observed by Ellis may have been lower bacteria 
which have attached themselves to the Lepto- 
thrix threads, or that perhaps they were swarm 
cells of Leptothrix itself. Benecke,* in review- 
ing the facts, suggests that the form described 
by Ellis may be a new species related to Gal- 
lioneUa^ and proposes the term Corddiothrix 
for it if such a form is proved to exist by fur- 
ther investigations. 

In several of the cultures which I have col- 
lected recently, notably a culture of SpiropKyh 
lum and GaUioneUa^ from the 100- foot level of 
the Federal mine, near Hazel Green, in south- 
western Wisconsin, I have found a form re- 
sembling that described by Ellis. It consists of 
a thread similar to Leptothrix in size and gen- 
eral form. (See PL VII, A, and fig. 6.) How- 
ever, no threads were found which gave any 
semblance of cell structure, but many threads 
showed small, rounded projections at irregular 
intervals along the thread. Whether these pro- 
jections were attached particles of ferric hy- 
droxide or other foreign material, or whether 
they were really conidia, was difficult to deter- 
mine. They seemed, however, to be part of the 
thread, not having any distinct partition wall 
separating them from the thread. It is also 
rather significant that in only a few out of 
many cultures of Leptothrix which I examined 
have I found these forms. On the other hand, 
many of the cultures contain threads of Lepto- 
thrix^ some of them thickly coated with ferric 
hydroxide, which show little projections and 
irregularities, consisting, without much doubt, 
of ferric hydroxide. It is therefore difficult to 
say whether the form mentioned above is the 
same as that described by Ellis as Leptothrix 
or whether all the projections are simply for- 
eign bodies, as is suggested by Molisch. I have 
never found these bodies in a germinating con- 
dition, nor have I found them where they have 
been completely separated from the parent 
thread by abstriction. 

In view of the fact that some investigators, 
such as Molisch and Benecke, describe Lepto- 

'Benecke, Wilhelm, op. cit. 
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thrix as having well-developed cell structure, 
whereas others, such as Ellis, have not been 
able to find any evidence of cell structure, there 
is some question as to whether there may not 
exist two similar forms both widely distributed, 
the one showing cell structure and the other 
consisting of simple undifferentiated threads 
resembling those of Gallionellu and Spirophyl- 
lum. Careful work is necessary not only to 
determine whether the latter form exists, but 
if so, whether it reproduces by the external 
abstriction of conidia or simply by the break- 
ing off of parts of the threads. The method 
of reproduction has to be definitely determined 
for Spirophyllum and Gallionella as well. 

Gallionella ferruginea Ehrenberg. 

The term QalUoneUa was applied \>y Ehren- 
berg^. in 1836 to all the organisms which are 
concerned in the formation of the brown iron 
scums of bogs and springs. That the brown 
scum at the bottom of certain wells was com- 
posed of organisms was also recognized by him 
and these organisms are mentioned as being 
a related type. He classified the iron organ- 
isms as infusoria and thought that they were 
related to the diatoms, which he had studied 
and which he also believed to be infusoria. 
Thus iron bacteria were at one time classed as 
unicellular animals, but later it was recognized 
that they were really plants and for some time 
they were grouped with the algae. Gradu- 
ally as the investigations progressed it was 
determined that more than one species of 
iron bacteria were concerned in the formation 
of irt)n scums, and thus .Leptothrix^ Creno- 
thrix^ and more recently Spirophyllxmi and 
Clonothrix were recognized as distinct types. 
At present the term Gallioiiella is restricted to 
the ropelike form that consists of double 
spirally twisted threads. 

Up to the present time I have found GaUio- 
nella in only three localities, namely, in the 
Federal mine, near Hazel Green, in southwest- 
em Wisconsin, where it occurs in great abun- 
dance in association with Spirophyllum; in the 
Kennedy mine, in central Minnesota, where it 
is found in minor amount with predominating 
Leptothrix and some Spirophyllum; and in 

^Ehrenberg:. C. G.. VorlXoflge Mitthellongen neber das 
wirklige Vorkommen fossilpr Infusorlen und Ihre ^owie Ver- 
breitung : Poggendorfs Annalen. Band 38, pp. 213-227, 1886. 



the filtrate from water from the city supply 
of Madison, Wis., where it is associated with 
Spirophyllwm and Creno thrix. 

The material in the Federal mine and the 
Kennedy mine occurs in brown gelatinous 
masses, which are attached to the walls of the 
tunnels beneath small openings from which 
streams of iron-bearing water issue, and which 
is also found in pools along the floors of the 
drifts. 

The cultures from the Federal mine (see 
Pis. \T! and \T^I, A)^ when examined micro- 
scopically, were found to contain abundant 
Gallionella of various forms and sizes. Per- 
haps the most common form is a short twisted 
ropelike thread consisting either of two or 
four single threads closely twisted together. 
The twisting is accomplished by the bending 
of single threads in the middle and twisting 
the ends around each other. There are also 
present very loosely twisted forms and sin- 
gle spiral or corkscrew-like threads, resembling 
a single strand from a rope when untwisted. 
The ropelike forms of Gallionella vary con- 
siderably in width from end to end, the thick 
end being usually that where the loose ends 
of the threads project. Different individuals 
also vary in width and length, not only among 
the ropelike forms but also among the single 
threads, which show a considerable range in 
size. 

In the cultures from the Kennedy mine (see 
PI. V) Gallimxella is not very abundant, and 
most of it has the ropelike form. Many indi- 
viduals are quite thin and transparent, not 
much thicker than the associated Leptothrix 
threads, whereas others are thick and heavily 
coated with brown ferric hydroxide. Some 
show the free ends of the separate threads 
projecting at one end, but most of them are 
short thick braids. Some have the same width 
throughout, but others taper toward one end. 

Spirophyllum^ Gallionella^ and Crenothrix 
occur together in the distributing pipes of the 
water system of Madison, Wis. Upon filter- 
ing with a porcelain filter a dark-brown mud 
is frequently obtained, especially when the 
water is turbid. Upon examination with a 
microscope this mud is seen to consist largely 
of flocculent textureless masses of ferric hy- 
droxide with scattered strands of Spirophyl- 
lum and Gallionella and here and there short 
pieces of Crenothrix threads. The Crenothrix 
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will grow and develop into long threads when 
placed in culture media, as previously de- 
scribed, but apparently no growth of Spiro- 
phyllum and Gallionella takes place on the 
filter. 

Water pipes in cities where the water con- 
tains an appreciable amount of iron in solution 
are a common habitat of GallionelJa^ Spi- 
rophyllum^ and Crenothrix. In some places 
the precipitation of ferric hydroxide by the 
iron bacteria is so abundant that crusts are 
formed around the inside of the distributing 
pipes. These crusts increase in thickness until 
they completely fill the pipes and block the 
passage of the water. The material composing 
the crusts has been examined and has been 
found to contain large numbers of bacterial 
casts, so that little doubt exists as to its origin. 

It is claimed by some investigators that the 
growth of Crenotkrix and associated iron bac- 
teria in city water pipes is not dependent on 
the original iron content of the water but is 
due to iron taken into solution from the pipes, 
and that the most abundant growth takes 
place in newly laid pipes. Doubtless the solu- 
tion of iron from distributing pipes is a con- 
tributing factor, yet it seems evident that some 
iron must be in solution originally or iron bac- 
teria would be found in all city waters and not 
confined to certain localities, in most of which 
the water is known to- have a high original 
iron content. I have tried to find Crenothrix 
and other iron bacteria in distributing pipes 
where the water was obtained from lakes and 
had a low iron content but have been unsuc- 
cessful. 

Schorler,^ while examining some iron crusts 
from pipes from the city of Dresden, found 
that pipes which were thickly encrusted on the 
inside with iron oxide and which had been in 
use for 30 years had suffered no corrosion on 
the inside underneath the iron crust. This con- 
dition he thought indicated that the iron form- 
ing the incrustation came from some source 
other than the pipes themselves and that the 
deposition on, the walls occurred through the 
medium of iron bacteria, which here found a 
favorable place for growth. In this locality 
Schorler found that the organism responsible 
for the precipitation was principally Gallio- 

1 Schorler, B., Die Rostblldangen in den Wasserleitungs- 
rShren : Centralbl. Bakteriologie, Abt. 2, Band 15, pp. 504- 
568, 1006. 



neUa, casts of which he found to be abundant 
in the iron crust. 

Gallionella ferruginea may be likened to a 
hairpin the two ends of which have been 
twisted around each other. (See figs. 3, 7, and 
8, and Pis. V, VI, and VII, A.) Sometimes 
such a twisted form may be bent again in the 
middle and the two. ends be twisted around 
each other, thus forming a rope of four single 
strands. (See PI. VI, B.) In some indi- 
viduals the twisting is very loose, in others 
close. (See figs. 7 and 8.) I have found dif- 
ferent coiled forms to range in width from 1 
to 3^ micra. In individual coils the difference 
in width between the two ends may be as much 
as 1 micron. The longest coiled form that I 



FiouBE 7. — LooBCly 
twisted, ropelike form 
of OaUUmeUc ferru- 
ginea. Drawing witii 
camera ludda. X 

1,080. 



Figure 8. — Closely 
twisted, ropelike form 
of Oallionella ferru- 
ffinea. Drawing with 
camera lucida. X 
1,080. 



have observed was about one- fourteenth milli- 
meter in length, or 70 micra. 

The single threads which compose these 
ropes or coils are very thin and have the same 
width throughout, although different individ- 
uals vary in size. The common range is from 
less than 0.5 to about 0.75 micron. The long- 
est single thread I have noticed was about 
0.05 millimeter in length. Most of the single 
threads which occur are probably detached 
parts of coils, for they generally show the 
spiral form. As in SpirophyUum^ no differen- 
tiation has ever been noticed between the two 
ends of the threads of GalUonella^ nor has any 
cell structure ever been distinguished. The 
organisms appear to be simple threads. 

Gallionella has a yellowish-brown to brown 
color. The ropelike forms are quite dark 



24 



IBON-DEPOSmNG BACTERIA AND THEIR GEOLOGIC BELATIONS. 



brown, much darker than similar forms of 
SpirophyUum. 

The methods of reproduction of GalUonella 
have not been thoroughly studied. Migula * 
describes the reproduction as taking place by 
the breaking off of parts of the threads, these 
being carried away by water currents to other 
localities and growing into new threads. 
Ellis ' claims that in addition to the alxtve 
method of reproduction GallioneUa also mul- 
tiplies by the external abstriction of conidia 
similar to SpiropKylJvm and the form wliich 
he describes as Leptothaix. In connection with 
GallioneUa and Spirophyllum he descrittbs the 
formation of abundant little projections all 
over the surface of the threads. In some indi- 
viduals their development is so profuse as to 
almost conceal the parent thread. These little 
projections after bwoming separated from the 
thread are said to germinate and form new 
threads. I have frequently seen GallwneUa 
and especially SptrophyUwn covered with 
small light-brown spherical or somewhat ir- 
regular bodies of fairly uniform size such as 
Ellis describes but ha^e never become con- 
vinced as to whether they are conidia or par- 
ticles of ferric hydroxide. Upon treatment 
with hydrochloric acid they disappear, as they 
would if they consisted of ferric hydroxide, 
yet it is true also that the entire thread is de- 
stroyed in a very short time by similar treat- 
ment. 

Schorler,' in connection with his investiga- 
tions on the formation of crusts of iron rust by 
GaUioTieUa in the city water pipes of Dresden, 
found numerous strands of GalUonella in the 
outer portion of the crust, whereas the older 
interior portion of the crust consisted of a 
structureless mass of ferric hydroxide. He 
found that the individual strands of Gallio- 
nella had granular coatings of ferric hydrox- 
ich increased in thickness with the age 
jtrand and gradually caused its stnic- 
disappear. He describes the develop- 
' small hexagonal crystals of hydrated 
xide on the sides of. the older threads 
tes that they gradually increase in size 
orporate within them the surrounding 
8 of ferric hydroxide. Their growth 
in the gradual disappearance of the 
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strands and the development of the texturelesa 
ferric hydroxide mass typical of the older por- 
tion of the crust. 

From this and other descriptions it appears 
that various investigators have noticed the for- 
mation of granules and projections on GalUo- 
nella and Spirophyllum threads, but only 
Ellis has connected them with the formation 
of conidia. 



SPIROPHyLl 



I FERBUOINEtTM ElHs. 



Spirophyllum ferrugineum Ellis appears to 
be the most widespread of the iron bacteria. 
It occurs abundantly in iron-bearing surface 
waters, as well as in underground waters. It 
is almost always associated in greater or less 
abundance with other iron-depositing thread 
bacteria and frequently occurs where other 
iron-depositing thread bacteria are absent. 
With LeptotKruc it is found in springs and 
clear stream waters, even where Leptotkrix 
grows very profusely. With Crenothrix and 
Gallionella it is found in city water systems, 
and with Gallionella or Leptothrix it is found 
in mine waters. In some iron springs and 
mines almost pure cultures of SptropKyUum 
occur, Leptothrix and Gallionella being en- 
tirely absent 

I first encountered Spirophyllum. abun- 
dantly in cultures obtained from the Federal 
mine, a zinc mine located near Hazel Green, in 
southwestern Wisconsin. (See Pis. VI and 
VII, A.) The mine workings are in the lower 
part of the Galena limestone, and zinc, lead, 
and iron sulphides occur with calcite in veins 
in the limestone. 

Waters issue from fissures and openings at 
numerous points in the mine. Where the cul- 
ture was obtained a little stream of iron-hear- 
ing water issued &om a small fissure in the 
rock wall a short distance below a horizontal 
vein containing sphalerite, marcasite, and cal- 
cite. Below the opening, attached to the rock 
wall and forming a streak to the floor, was a 
soft gelatinous brown deposit of ferric hydrox- 
ide which had a maximum thickness of one- 
half inch and a maximum width of 2 inches. 
A short distance from this point a basin in the 
rock floor was filled with water and contained 
a thick brown deposit of ferric hydroxide. 
The material forming the streak beneath the 
fissure opening upon examination proved to 
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consist largely of Spirophyllwm and Gal- 
lionellay with some Leptotkrix ov perhaps Con- 
idiothrix. (See pp. 17-18.) Various forms of 
Spirophyllum were present, the most common 
being a wide, irregular, loosely twisted form. 
(See PI. VI.) Other types are very regu- 
larly twisted and have the appearance of 
strings of beads. Their variation in size is 
considerable, some being almost as narrow as 
a single thread of Gallionella^ whereas others 
are as wide as rope forms of GaUionelld, 
Both single and double threads occur. 

Subsequently I obtained almost pure cultures 
of Spirophyllum on the 200 and 300 foot 
levels of the Judson mine, south of Crystal 
Falls, Mich. (See PI. VIII.) This mine is 
located on a steeply dipping deposit of red 
hematite inclosed in slate walls. The foot- 
wall consists of dark-gray pyritic slates. 
Water issues from numerous small fissures 
throughout the mine and yellowish-brown 
gelatinous masses of iron bacteria are abundant 
along the drifts, both where they cut the slate 
and where they cut the ore. 

It seems probable that all the water issuing 
in the mine has at one time or another passed 
through the slate, and by its dissolving action 
on the disseminated iron sulphide and iron 
carbonate has become heavily loaded with iron. 
No analysis of the water has been made as yet, 
but it seems probable that the iron is in solu- 
tion mainly as ferrous bicarbonate, though 
perhaps' a part of it may be in the form of 
ferrous sulphate. These waters issuing from 
the mine openings either in the ore deposit or 
along the slate walls give abundant oppor- 
tunity for the growth of bacteria. 

The question naturally arises, How do the 
iron bacteria come into the mines? Are they 
carried by the waters themselves through in- 
tervening soil and rock or are they brought 
down into the mine on mine timbers, tools, 
or machinery? J have seen cultures of iron 
bacteria in places in mines where it seems 
quite improbable that they could have been 
brought by any other agency than the water 
itself, and it does not seem at all impossible 
that they may have been carried downward 
by surface waters through the larger open- 
ings in the soil or rock for many hundreds 
of feet. This opens the interesting possi- 



bility that iron bacteria may be active in 
fissures or other large underground openings 
entirely imconnected with mines and may thus 
be instrumental in the formation of many of 
the fissure deposits and replacement deposits of 
ii-on ore which are so common. Their presence 
in such localities is of course difficult to prove 
unless they should be actually found in under- 
ground oi)enings which are penetrated during 
mining operations. Such a phenomenon to my 
knowledge has not been observed, but it might 
easily escape notice unless particular attention 
were caUed to it. 

The cultures obtained from the Judson mine 
showed only Spirophyllimi^ and these were 
mainly in the form of short pieces of filaments. 
A peculiarity about these cultures, however, 
was that most of the filaments were thickly 
covered with small spherical bodies of the same 
brownish color as the filaments. (See fig. 9.) 
Whether these little bodies are granules of fer- 
ric hydroxide or whether they are conidia, as 
described by Ellis, has not been determined. 

The occurrence of Spirophyllum associated 
with Leptothrix and Gallionella at the Ken- 
nedy mine, on the Cuyima range in central 
Minnesota, has already been described. 

In addition to these underground localities 
I have found Spirophyllum, in a number of 
places in iron-bearing surface waters, but it 
occurs in clear, fresh waters rather than in 
stagnant bog waters like those in which Lep- 
tothrix is often found. 

In the Vermilion iron-ore district of north- 
em Minnesota I obtained cultures of Spiro- 
phyllum, from two iron springs, both issuing 
at the bases of extensive ridges, composed 
largely of banded jasper and associated green- 
stone. One of these springs is at the base of 
Soudan Hill, on the south shore of Vermilion 
Lake ; the other is at the western foot of Jasper 
Peak, a few miles south of Soudan. 

At the spring on Vermilion Lake the water 
issues from an iron pipe at the base of a ridge 
consisting mainly of greenstone and jasper and 
some slate. It empties into a small basin from 
which it flows down a short slope into the lake. 
Brown scum occurs in the basin and for some 
distance along the little rivulet down toward 
the lake. Where the water is quiet the brown 
scum lies on the bottom and elsewhere it is 
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attached to the sticks, grass blades, and other 
material lying in the water. The water has a 
strong iron taste. 

At the spring at Jasper Peak the water 
comes directly out of the hillside into a small 
basin from which it flows through a series of 
larger pools into a marsh. Jasper Peak con- 
sists mainly of banded jasper and associated 
greenstone. A yellowish-brown scum of iron 
bacteria occurs at the bottom of the basin at 
the mouth of the spring and also in the pools 
in the marsh. It is not gelatinous but rather 
in the form of a fluffy precipitate. 

When examined microscopically the scum 
of iron oxide from both of these localities is 
seen to contain an abundance of threads of 
Spirophyllum^ but with these threads is as- 
sociated a large amount of brown flocculent, 
textureless material in large and small irregu- 
lar masses. (See PL IX, A.) The textureless 
masses probably consist largely of ferric hy- 
droxide, but whether this material is precipi- 
tated by simple chemical action or whether its 
formation is due perhaps to the activity of 
lower forms of iron-depositing bacteria has not 
been determined. Probably it results from sim- 
ple oxidation. The Spirophyll\jmi in these cul- 
tures is of medium size and has regular but not 
very close twisting. In general the threads 
are clear and do not have the deposits of gran- 
ular material on them that is so characteristic 
of the cultures from the Judson mine. How- 
ever, many of the granular masses of ferric 
hydroxide can be seen to contain spiral threads, 
these forming a sort of nucleus around which 
the ferric hydroxide collects. 

In the Rowe and Hillcrest mines, in the 
Cuyuna iron range, both of which are open- 
pit mines in red and brown hematite, seepages 
of iron-bearing waters issue from glacial sand 
and gravel which overlie the iron ore. The 
iron is taken into solution by the water while 
it is percolating through the sand and gravel, 
probably being derived from iron silicates, car- 
bonates, and sulphides disseminated through 
the glacial material. 

Thin coatings of yellowish-brown scum cover 
the pebbles over which the water flows and 
this material upon examination is seen to con- 
sist of Spirophyllum associated with more or 
less granular and flocculent ferric hydroxide, 
which is probably a chemical precipitate. In 
localities like these iron bacteria develop in a 



surprisingly short time, deposits being formed 
by them within a week after the glacial sand 
and gravel are laid bare by stripping opera- 
tions. 

In the Pennington open-pit mine a very 
curious form of Spirophylly/m was found. The 
water, which issues in the form of a small 
spring directly from the ore, apparently con- 
tains enough ferrous iron in solution to sup- 
port a growth of iron bacteria. The material 
collected was brown in color and contained 
some SpirophyUvmi and algae. Upon standing 
for a week or so it became black, but over its 
surface a light-brown scum formed, which 
upon examination was found to consist of an 
almost pure culture of a variety of very small 
SpirophylluTTu. The threads are ribbon-like 
but very narrow and very loosely and irregu- 
larly twisted and are iiltergrown into a thick 
matting mixed with considerable granular 
ferric hydroxide. A great many of the threads 
show no twisting at all, and double ropelike 
threads are rare. There seems to be a great 
uniformity in the size of the threads, though 
here and there occur larger threads which re- 
semble the ordinary Spirophyllum seen in 
other cultures. 

At several points in the Pennington pit there 
are steel bars and rails which during the closed 
season for mining operations become sub- 
merged by water that accumulates in the pit 
On several of these bars and rails I found 
beautifully developed porous tubercles of iron 
rust, which upon microscopic examination 
proved to contain abundant casts of Spirophyl- 
Iwm. (See PI. IX, B, and fig. 13.) The great- 
est diameter of the tubercles is 2 inches or more 
at the base, and they rise from the surface of 
the bar or rail from a quarter to perhaps half 
an inch. The surface of such tubercles is 
formed by a thin, smooth, brittle film, and 
the interior consists of porous cellular ocherous 
material which on handling breaks up into 
fine powder. It is this material which contains 
abundant casts of Spirophylluufi, Many of the 
casts still show the original texture of the 
threads clearly under the microscope, some of 
them being single and some double threads. 
Most of them, however, are thickly coated with 
granules of ferric hydroxide and appear like 
thick brown cords with rough surfaces. Some 
of these are twenty or more times the thick- 
ness of the original Spirophyllum. Frequently 
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they are intertwined to form networks. Be- 
sides the threads and cordlike forms an abun- 
dance of small specks and granules of ferric 
hydroxide occur, and also large irregular 
masses of granules which do not show the 
cordlike forms. 

Spirophyllum was originally cultivated in the 
laboratory by Lieske.* In his first attempt he 
used sand and old leaves obtained from a 
stream in which Spirophyllum occurred. He 
placed this material in a vessel, added to it a 
thin iron wire, and then filled the vessel with 
water from the public supply of the city of 
Dresden. In this manner he obtained an 
abundant growth of Spirophyllum^ Later he 
used an Erlemeyer flask containing water from 
the same system to which had been added a 
small amount of extract of old leaves and thin 
iron wire or coarse filings. After three or four 
days Spirophyllum had developed. By making 
transfers to sterile flasks he was able to obtain 
approximately pure cultures. 

He finally obtained pure cultures in a 
specially prepared culture medium through 
which carbon dioxide was passed. The medium 
had the following composition: 

Composition of culture mediMtn used by Lieske. 

(NH4)iS04 grams— 1. 5 

KCl do . 05 

MgSO* do . 05 

KxHPO* do . 05 

CaNOa do . 01 

Distilled water cubic centimeters 1,000 

Erlemeyer flasks of 100 cubic centimeters 
each were filled up to 2 centimeters with this 
medium and after sterilization were allowed 
to stand in atmospheric air for two days. 
Coarse iron filings, which had been dry steri- 
lized at 160*^ C. for one hour, were then added, 
0.05 gram being used for each flask. The 
flasks were then inoculated with a small 
amount of culture of iron bacteria, placed 
under a bell jar in a cool place, and carbon 
dioxide was added up to 1 per cent. This re- 
sulted in the formation of ferrous bicarbonate 
in the solution to the amount of about .0.01 
per cent. SpirophyUum developed in four 
days. By repeated transfers to sterile flasks 
pure cultures were obtained. 

^ Lieske, Rudolf, Beitr&ge zur Kenntnia der Phjsiologle Ton 
BpirophyUum ferrugineum Ellis : Jahrb. wiss. Botanik, Band 
49. pp. 91-127, 1911. 



Spirophyllum occurs as flat unbranched rib- 
bon-like filaments twisted spirally about the 
longer axis. There appears to be no differen- 
tiation between the two ends of the filaments, 
and apparently no variation in the width or 
the thickness of the filament from end to end. 
Along the edges, however, they are somewhat 
thicker than along the center. Like Lepto- 
thrix^ Spirophyllv/m is always colored yellow- 
ish brown to brown from the ferric hydroxide 
in the filament. I have not been able to stain 
it satisfactorily with any of the common 
aniline stains. 

The closeness of the spiral twisting of Spiro- 
phyUum" Yovies with the individual; possibly 
there may be several species. Some filaments 
are very loosely twisted, but others are very 




FiGUBS 9. — ^Various fonns of SpirophyUum ferrugineum. 
Drawing with camera lucida. X 550. 

closely twisted. In some the twisting is irreg- 
ular, varying in closeness in different parts of 
the filament, whereas in others it is very regular 
and diagrammatic. (See figs. 9, 10, and 11, and 
Pis. IV, B; V, A; VI, A; VII; VIII, A; and 
IX, A.) This difference may indicate a sepa- 
ration into different species. In some cultures 
there are numerous filaments which are bent in 
the middle and the ends of which have been 
twisted about each other around a common 
axis, as in GaUionella, In such an individual 
the two ends frequently form a fork, thus giv- 
ing it the appearance, of a single branching 
filament. (See PI. VII, A,) More often, 
however, the two filaments forming such a 
thread can be traced with more or less distinct- 
ness. (See PL VII, B.) 

In the cultures examined I have found 
Spirophyllum to vary in width from 1 ti) 3 
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micra, the average width being perhaps a lit- 
tle over 2 micra. The longest filaments that 
have come to my notice were about 0.1 milli- 
meter in length. However, the filaments are 
very brittle and, like those of Leptothrix^ are 
easily broken durin^r momiting operations. 




PiGCRB 10. — Irregularly- twisted forms of Bpirophyllum fer- 
rugineum. Drawing with camera lacida. X 1,080. 



Up to the present time no cell structure has 
ever been observed in SpirophyUum by any in- 
vestigator. The organism appears to consist of 
simple, flat, ribbon-like filaments, undifferen- 
tiated in its parts and without visible interior 
structure. 

According to Lieske * the only method of re- 
production of Spirophyllwni is by fragmenta- 
tion — ^that, is, by the breaking off of pieces of 
filaments and their growth into new filaments. 
Ellis,* however, claims that SpirophyUum re- 
produces by means of conidia, which grow as 
small spherical bodies on the flat sides of the 
filament 'and gradually become detached and 
are carried away, eventually germinating and 
forming new filaments. Ellis gives descrip- 
tions of the conidia and of their germination. 
Lieske, who did much careful work on the 
growth and isolation of SpirophyUum^ does 
not credit these observations of Ellis, believing 
that what Ellis saw were probably foreign 
bodies attached to filaments of SpirophyUum, 

During my own observations I have found 
many cultures of SpirophyUum in which not 
a trace of the formation of conidia was visible. 
However, certain other cultures that I have 
examined, especially those from the Judson 
mine, show filaments of SpirophyUum which 
are covered with small spherical, elliptical, or 

1 Lieske, Rudolf, op. cit. 

* Ellis, David, A contribution to our knowledge of the 
thread bacteria: Centralbl. Bakteriologie, Abt. 2, Band 19, 
pp. 607-512, 1907. 



oval bodies, sometimes so thickly as to conceal 
the filament itself. (See fig. 12 and Pis. VIII 
and IX, A.) These bodies are colored brown 
just like the filament and average about two- 
thirds of a micron in diameter. I have not 
seen these bodies in the process of germination, 
so that I can not say whether they are 
conidia or whether, as seems more probable, 
they are small, chemically precipitated gran- 
ules of ferric hydroxide. Although usu- 
ally ferric hydroxide is precipitated in the 
form of structureless gelatinous masses, it is 
frequently found in the granular form as well. 
It also seems possible that these bodies might 
be lower iron-depositing bacteria of the coccus 
or bacillus types which live under the same 
conditions as SpirophyUum, and might readily 
become attached to the filaments in large 
numbers. 

SpirophyUum was first described as a sepa- 
rate species by Ellis' in 1907. Previously it 
had been included under the species GalUoneUa 
first described by Ehrenberg in 1836, which 
included also other types of iron bacteria. 
After Leptothrix^ Crenothrix^ ClonothriXj and 
others had been described as distinct genuses, 
Ellis found that the organisms still grouped 
under the term GallioneUu were of two types 
very closely related in 
occurrence and general 
characteristics. One 
of these consisted of 
a double twisted cylin- 
drical thread and the 
other of a twisted 
ribbon-like thread, 
lie named the latter 
SpirophyUum ferru- 
gineum^ applying the 
name GallioneUa onlj' 
to the cylindrical 
threads. Molisch,* in 
his work published in 
1910, does not accept 
Ellis's classification 
and believes that the 
two types distinguished by Ellis are merely 
different forms of the same organism. He 
calls the ribbon-like form OaUioneUa fer- 
ruffinea var. lata, Lieske, in his work with 

* Ellis, David, On the dlscoyery of a new genus of thread 
bacteria (SpirophyUum ferrugineum Ellis) : Roj. Soc. Edin- 
burgh Proc, vol. 27, pt 1, p. 21. 1907. 

^Molisch, Hans, Die Bisenbakterien. 1910. 




Figure 11. — Single ana 
double twisted ribbon- 
like forms of Bpirophyl- 
lum ferruffineum. Draw- 
ing with camera ludda. 
X 1,080. 
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SpirophyUumj does not commit himself with 
regard to the classification but seems rather 
inclined to believe that SpirophyUum is 
a distinct genu& He gives the differences 
between GallioneUa and SpirophyUum as fol- 
lows: (1) Spirophylluftn, is ribbon-shaped 
whereas GallioneUa is cylindrical. (2) Spiro- 




FiGUBB 12. — Irregularly twisted forms of SpirophyUum ferru- 
ffineum with granular coatings probably consisting of ferric 
hydroxide. Drawing with camera ludda. X 1,080. 



phyUum is not found with two strands twisted 
aroimd each other, but only as single strands. 

(3) SpirophyUwm is twisted around its own 
longitudinal axis whereas GaUlonella is 
twisted around an axis outside of the thread. 

(4) SpirophyUv/m grows into longer threads 
than GallioneUa, (5) In cultures of Spiro- 
phyUum the typical form always develops and 
transitions to GallioneUa are never seen. 
Lieske apparently never observed double 
strands of Spirophvllum probably because he 
was working mainly with artificial cultures. 
In nearly all cultures growing under natural 
conditions double strands are veiy common. 
SpirophyUum^ therefore, is twisted about an 
axis outside of the thread just as is GallioneUa, 
The other differences between the two forms, 
however, exist. 

After examining cultures of iron bacteria 
from many different localities it appears to me 
that Ellis's view is probably reasonable. Al- 
though the two forms are undoubtedly closely 
related, there seem to be no gradational forms 
from one to the other and one form may be 
present in cultures to the exclusion of the 
other. There is,* however, a danger of con- 
fusing double strands of Spirophyllwrn with 
those of GallioneUa. Usually the ribbon-like 
form of the threads is clearly seen, but oc- 



casionally, where the twisting is very close, 
the dobule threads greatly resemble those of 
GallioneUa^ 

OTHER IRON-DEPOSITIKO BACTERIA. 

Besides the group of iron thread bacteria, 
the most important members of which have 
just been described, two groups of lower 
iron-depositing bacteria are commonly 
present in soils and natural waters — (1) 
those which precipitate ferric hydroxide 
or basic ferric salts, and (2) those which 
precipitate ferrous sulphide. To the first 
group belong Siderocapsa treubii and its 
relatives described by Molisch as being 
abundant in natural iron-bearing waters 
from which they deposit ferric hydroxide, 
and also certain other lower bacteria that 
occur in soils and natural waters and that 
precipitate ferric hydroxide or basic 
ferric salts from solutions of organic iron 
salts. To the second group belong the 
sulphate-reducing bacteria and the hy- 
drogen sulphide forming bacteria which 
are commonly present wherever decaying or- 
ganic matter is found. 

It has been known for a long time that many 
natural iron-bearing waters contain types of 
bacteria such as have been described which 




FiouBE 13. — Various forms of fossil SpirophyUum ferrugi- 
neum from tubercle of Iron rust. X 1,080. 

deposit ferric hydroxide, but it has not been 
known that practically all soils and all natural 
waters contain bacteria which are capable of 
precipitating ferric hydroxide or basic ferric 
salts from solutions of certain organic iron 
salts. These organisms are not iron bacteria 
proper in the sense that they require iron in 
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solntkm for tbeir development. It appears 
rather that the}* use other constituents present 
in tlie iron salts and that ferric hydroxide b 
thrown down as a waste product. In the 
course of my exijerinients I have noted the 
presence of such organisms in various natural 
waters, Kuch as well water, lake water, river 
water, and sf^ring water, and have also found 
therri in different kinds of soil, such as silt, 
hiam, clay, and sand« It seems prol>able that 
many of the common types of soil and water 
bacteria are active in the precipitation of ferric 
hydroxide or basic ferric salts from solutions 
which contain organic iron salts. 

Up to the present time I have succeeded in 
isolating several individual types which pre- 
cipitate iron. Although I have worked with 
different organic and inorganic solutions and 
have prepared cultures in liquid media that 
precipitated the iron from solutions of several 
organic iron salts, all the organisms which I 
have isolated and studied have been grown on 
solid media containing ferric ammonium ci- 
trate. Most of the other iron salts that I have 
use<l are unsatisfactory to work with, some, 
especially the inorganic salts, because they 
oxidize or hydrolyze too readily, and others be- 
cause they render the media unfavorable for 
growth because of their toxic nature, harmful 
reaction, or other characteristics. 

In experimenting with the precipitation of 
iron from solution by organisms it is, of course, 
necessary to use iron salts, which are readily 
soluble and which are not precipitated on ac- 
count of oxidation when exposed to the atmos- 
phere or when subjected to sterilization. Be- 
sides, the solutions must not be either too acid 
or too alkaline to sustain organic life. In my 
work I have used the following organic iron 
and manganese salts in culture media : 

Organic iron and manganese salts used in culture 

media. 

Reaction to litmus 

Ferric ftmmonlum cltrnto Very slightly add. 

Ferric citrate. Acid. 

Iron acetate. Acid. 

Iron lactate ._ __. __ Slightly acid. 

Ferric oxalate-. Acid. 

Alhundnlzed iron .. Neutral. 

Manganese citrate .— jVcld. 

Ma nganene acetate., _. ... Slightly acid. 

Of those salts T have found ferric ammonium 
citrate to be the most satisfactory, because (1) 



it is readily soluble. (2) it does not produce an 
unfavorable reaction^ and <3) it is resistant to 
ordinary oxidation processes. 

The solutions of inorganic iron ^ts tested 
in attempts to produce cultures of ferric hy- 
droxide precipitating bacteria were ferrous 
sulphate, ferrous ammonium sulphate, ferrous 
carbonate, and ferric chloride. Deposits of 
ferric hvdroxide formed in these solutions un- 
der some conditions but the formation was 
always readily explained as due to simple hy- 
drolysis or to oxidation and hydrolysis rather 
than to the action of organisms. 

The bacteria wliich produce hydrogen sul- 
phide and those which reduce ferrous sulphate 
and thus precipitate ferrous sulphide from 
solution have also long been known, and many 
of them have been isolated and studied. The 
formation of ferrous sulphide by the bacteria 
which produce hydrogen sulphide is due to 
the action* of hydrogen sulphide on iron salts 
in solution or on ferric hydroxide previously 
precipitated, whereas with the sulphate-reduc- 
ing bacteria the formation is due to the re- 
moval of oxygen from the sulphate and this 
results in the precipitation of the sulphide 
directly. 

Hydrogen sulphide is formed by bacteria in 
two ways — by the decomposition of sulphur- 
bearing proteins and by the reduction of sul- 
phur. Many decay-producing bacteria have 
the power of changing organic sulphur com- 
pounds to hydrogen sulphide. When free sul- 
phur is present with decomposing organic mat- 
ter it is attacked through the action of bac- 
teria and reduced to hydrogen sulphide as 
well. Hydrogen sulphide reacts with any iron 
salts present and forms ferrous sulphide. 

A number of species of bacteria have been 
isolated which act on sulphates, reducing them 
to sulphides. Among these are Proteus tnil- 
gains^ Vibrio hydromlfureus^ and SpirtUuw, 
desulfuricans. Some sulphate-reducing bac- 
teria have the power of reducing also thiosul- 
phates and sulphites. When the compounds 
thus attacked are iron compounds ferrous sul- 
phide is formed directly and precipitated. If 
sulphides of other metals are formed they may 
be attacked by carbon dioxide, and hydrogen 
sulphide may be formed. Hydrogen sulphide 
will then react with the iron salts to form 
ferrous sulphide. 
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Cultures were made in liquid and solid media 
of the bacteria which reduce sulphates and 
those which produce hydrogen sulphide. Or- 
dinary synthetic nutrient media were used for 
sulphate reducers, and ferrous sulphate was 
added for reduction to sulphide. Cultures of 
bacteria which produce hydrogen sulphide 
were made in solutions containing decompos- 
ing organic matter, organic iron salts such as 
iron lactate or iron tartrate being used as 
indicators of hydrogen sulphide formation. 

Experiments on the precipitation of ferric 
hydroxide and ferrous sulphide from solutions 
of iron salts by various species of lower bac- 
teria are described on the following pages. 

EZPEBUEKTS ON PSECIPITATIOK OF IBON FROM 
SOLTTTIOKS BY BACTEBIA. 

PRECIPITATION OF PERRIC HYDROXIDE AND BASIC 
FERRIC SALTS FROM FERRIC AMMONIUM CITRATE 
SOLUTIONS. 

It was noted by Prof. E. B. Fred, of the 
University of Wisconsin, that when ferric 
ammonium citrate was added to jars contain- 
ing water and marsh mud in which bacteria of 
various kinds were abundant, the deep reddish- 
brown color which it imparted to the solution 
disappeared after a few weeks, owing to the 
precipitation of the iron. It was supposed 
that this precipitation was caused by the 
activity of ordinary iron-depositing thread 
bacteria, and upon this supposition I started 
a series of cultures. 

The first experiments were performed with 
the object of determining whether pure natural 
waters had the same effect in precipitating the 
iron from ferric ammonium citrate solutions 
as impure muddy cultures, and whether this 
action varied with different kinds of natural 
waters. For this purpose three glass jars were 
each filled with 500 cubic centimeters of water, 
the first one being filled with water from Lake 
Mendota, the second with water from the city 
wells of Madison, Wis., and the third with hay 
extract — ^that is, water in which hay had been 
boiled. To each of these jars 2.5 grams of 
ferric ammonium citrate was then added. 
They were allowed to stand at room tempera- 
ture (about 18° C.) for one month and were 
then photographed. (See PI. X, ^.) The re- 
sults are well shown in the photograph. Jar 
No. 1 shows the appearance of the freshly pre- 



pared ferric ammonium citratfe solution in 
clear water, and jar No. 4 shows the same in 
hay extract. Jar No. 2 contains water from 
Lake Mendota with ferric ammonium citrate. 
It shows that decided bacterial action has 
taken place after one month, but no precipitate 
has formed. This jar was allowed to stand for 
another month and at the end of that time the 
iron had been completely precipitated. Jar 
No. 3 contains water from Madison city sup- 
ply, which has had the same treatment as jar 
No. 2. It will be seen that in this jar the 
iron had been completely precipitated after 
one month, the solution being perfectly clear 
and transparent. Tufts of ferric hydroxide 
are attached to the inside surface of the jar 
and a thick deposit of ferric hydroxide with 
perhaps some basic ferric salts occurs at the 
bottom. Jar No. 5 contains extract of hay 
which has had the same treatment as jars Nos. 
2 and 3. It will be seen that here also com- 
plete precipitation of the iron has taken place 
within one month, leaving a clear solution, 
which, however, is somewhat darker on ac- 
count of the hay extract it contains. 

Having obtained these results it was thought 
best to duplicate the experiment with slight 
variations. A set of four jars was therefore 
prepared, each being filled with 500 cubic centi- 
meters of a different type of water. Two and 
one-half grams of ferric ammonium citrate 
were added to each. Two of these jars con- 
tained water from Lake Mendota and from the 
Madison city supply as before. A third, how- 
ever, was filled with water from an iron spring 
near Lake Kegonsa, about 14 miles southeast 
of Madison. This spring contained an 
abimdant growth of Leptothrix. A fourth jar 
was filled with distilled water. The jars were 
allowed to stand at room temperature and were 
photographed after five weeks. ( See PI. X, 5. ) 

Jar No. 1 again shows the appearance of the 
freshly prepared solution of ferric ammonium 
citrate in clear water. Jar No. 2 and jar No. 3 
show the action of water from Lake Mendota 
and from the Madison city supply respectively 
on ferric ammonium citrate in solution. Both 
waters precipitated the iron after four weeks. 
The masses of ferric hydroxide and perhaps 
some basic ferric salts are seen at the bottoms 
of the jars. Jar No. 4 contained iron spring 
water. The precipitation of ferric hydroxide 
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took place in this jar also after about four 
weeks. Jar No. 5 contains distilled water with 
ferric ammonium citrate in solution. Some 
bacterial action has taken place after five 
we^ks, as is shown by the darkening of the 
solution. Complete precipitation of ferric 
hydroxide in this jar, however, did not take 
place imtil after about seven or eight months. 

In order to see whether soil would have the 
same effect as natural waters on iron am- 
monium citrate in solution, several flasks con- 
taining 500 cubic centimeters of water with 2.5 
grams of ferric ammonium citrate in solution 
were each inoculated with 20 grams of a dif- 
ferent kind of soil — a black loamv soil, brown 
sandy soil, or clayey soil. Precipitation of 
ferric hydroxide took place in these jars after 
about two weeks, which showed a more rapid 
action with soils than with natural waters. 

Although the results of the preceding ex- 
periments seemed to show fairly conclusively 
that the precipitation was due to biologic 
agencies rather than to chemical processes, it 
seemed best to make sure of this point. There 
are some iron salts, especially inorganic but 
also organic, in which precipitation occurs on 
account of oxidation or on account of hydroly- 
sis, the precipitates consisting either of ferric 
hydroxide or of basic organic or inorganic fer- 
ric salts. In order to show conclusively that the 
precipitating action was due to biologic agen- 
cies, the following experiment was performed. 
Two sets of five flasks of 1,000 cubic centime- 
ters capacity were prepared with culture solu- 
tions, one set being a duplicate of the other. 
Each of the flasks contained 500 cubic centi- 
meters of water in which 2.5 grams of ferric 
ammoniiun citrate were dissolved. The dif- 
ferences between the culture solutions in the 
different flasks were as follows : The first flask 
in each set contained water from the city sup- 
ply of Madison, Wis. ; the second, water from 
Lake Mendota; the third, water from the iron 
spring near Lake Kegonsa ; the fourth, water 
inoculated with 20 grams of garden soil; and 
the fifth, distilled water. One of these sets 
was sterilized, so as to stop all organic action, 
whereas in the other set the organisms were 
allowed to develop freely, as in the previous 
experiments. The flasks are shown in Plate 
XI, those of the lower row being sterilized 
duplicates of those of the upper row. The 
sterilization consisted in heating the flasks and 



contents in an autoclave at 130° C. for 16 
minutes. 

Both sets of flasks were allowed to stand at 
room temperature for four months, at the end 
of which time the photograph was taken. As 
may be clearly seen, the contents of the lower 
row of flasks have suffered no change, whereas 
in the upper row the contents of all the flasks 
except the fifth have suffered complete pre- 
cipitation of the iron in solution. The fifth 
flask, which contains distilled water, shows 
only a darkening of the solution. The time of 
precipitation varied in the different flasks. 
The water from the city supply of Madison 
precipitated the iron from solution in about 
two months, the water from Lake Mendota in 
about seven weeks, the iron spring water in 
about one month, and the soil infusion in about 
two weeks. 

This experiment showed conclusively that 
the sterilized material did not suffer precipita- 
tion of the iron in solution. There still re- 
mained the possibility, however, that during 
the process of sterilization the iron salt in 
solution might have suffered some change 
which rendered it less subject to hydrolysis. 
To investigate this possibility several of the 
sterilized solutions, after having stood for 
four months, were reinoculated with a small 
amount of fresh soil infusion. This resulted 
in the precipitation of the iron within a very 
short time and showed beyond doubt that the 
precipitation of the iron was due to biologic 
agencies. 

While these experiments were being con- 
ducted the precipitates were frequently ex- 
amined. The material forming the deposits 
was reddish brown and flocculent and resem- 
bled the ferric hydroxide which is precipi- 
tated when ammonium hydroxide is added 
to a solution of a ferric salt, such as ferric 
chloride or ferric nitrate. It usually settled to 
the bottom of the containing vessel and after 
standing for some time became compacted 
into a fluffy, gelatinous deposit. After pro- 
longed standing it contracted and changed 
from reddish brown to dark brown in color. 

At the outset it was supposed that upon mi- 
croscopic examination this material would be 
found to consist mainly of matted threads of 
iron bacteria such as I had already seen in 
gelatinous iron scums from many localities. 
I found, however, that the precipitate ap- 



V. a. aKOuyoicii.1, bobvet 



PBOPEBSIONAL PAPER 113 PLATE 1 



K ol which the Iron hu been ticecipiUteil u foric hjdnnide hy hacleria; lower 
Uiied before baclwui had ma oop^rtunily to precipiuie the iV- -"^ "'-'■- -' 
DDtAiiu Madjaod city waler; the HOODd, W4ter ' 



D. B. OEOLiOaiCAL SUBVBY 



FBOPBSBIONAI. F 




111 (wtwl fudwo. 



EXPEBIMENTS ON PRECIPITATION OP IROK FROM SOLUTIONS BY BACTERIA. 



33 



peared light brown, transparent, and was ap- 
parently colloidaL There were no traces of 
iron bacteria in the material, except that in 
the flask containing iron spring water a few 
threads of Leptothrix were found. These 
threads probably develop in ferric ammonium 
citrate solutions to some extent, as was deter- 
mined by Molisch.* Many of the threads, how- 
ever, were probably present in the water before 
the ferric ammonium citrate was added. Upon 
prolonged standing I found that mold mycelia 
frequently developed in the gelatinous mate- 
rial and sometimes became quite abundant. 
There appear to be several varieties of molds 
which grow in these solutions, but I have not 
attempted to identify or describe them. 

A partial analysis was made by W. G. Craw- 
ford, of the University of Wisconsin, of the 
precipitate formed from a solution of ferric 
ammonium citrate in water from the city sup- 
ply of Madison with the following result : 

AncUysis of precipitate formed from solution of ferric 

ammonium citrate, 

[Dried at 105" C] 

Ferric oxide (FeaO.) 72.50 

Combined water (HaO) 7.11 

Loss above 105** C. (exclusive of combined 
water) 20. 12 



99.73 



The material was examined qualitatively for 
traces of citrate in order to determine if basic 
ferric citrate was present in the precipitate. 
The indications of its presence were very 
slight, however. It appears from the analysis, 
therefore, that tlie material is one of the less 
hydrated forms of ferric oxide, approaching 
goethite in composition. A percentage of 72.50 
ferric oxide requires 8.15 per cent combined 
water to form goethite. However, the analysis 
only shows 7.11 per cent of combined water, 
which probably means that the material is be- 
tween goethite (FejOj.HjO) and turgite or 
hydrohematite (2Fe208.H20) in composition. 
It is possible, however, that insoluble basic 
ferric citrate is precipitated with the ferric 
hydroxide, but that upon standing the citrate 
radicle is gradually used up by the bacteria, 
finally leaving only ferric hydroxide in the 
precipitate. The composition of the precipi- 

^MoUsch, Hans, Die Elsenbakterien, pp. 84, 86, 1910. 
65629''— 19 3 



tate would, therefore, change with the time it 
is left standing and probably also with the 
treatment it receives previous to analysis, such 
as washing. 

The large percentage of loss above 105® C. 
besides the combined water is difficult to ex- 
plain, because of the small amount of organic 
matter visible in the precipitate when ex- 
amined microscopically. It is possible, how- 
ever, that besides the mold mvcelia there are 
present abundant remains of lower bacteria 
which developed in the solution and which 
would be difficult to identify with the micro- 
scope. 

The series of experiments performed up to 
this time made the following points evident: 
(1) That the precipitation of iron from solu- 
tions of ferric ammonium citrate is due to 
some biologic agency; (2) that the precipi- 
tate is hydrated ferric oxide with perhaps a 
small amount of basic ferric citrate; and (3) 
that it consists of a colloidal, textureless mass 
in which bacterial forms are unrecognizable. 
The latter fact seems to indicate that, as the 
ferric hydroxide is not taken up by the cells 
of the organisms causing the precipitation, it 
is probably only a waste product, other con- 
stituents of the salt, such as citric acid or am- 
monia, being utilized and the ferric hydroxide 
thrown down. 

In order to determine whether oxygen is 
necessary for the precipitation of ferric hy- 
droxide or whether the action could take place 
under anaerobic conditions, carbon dioxide was 
run continuously for several weeks through 
ferric ammonium citrate solutions inoculated 
with soil. This produced a saturation of the 
solution with carbon dioxide and caused the 
removal of practically all traces of oxygen. 
The precipitation, however, took place p«^ 
before. 

Solutions prepared and inoculated with soil 
in the same manner as those mentioned above 
were placed under a bell jar and all the air 
removed, so as to produce a vacuum capable of 
supporting a mercury column 23.5 inches high. 
This reduction of air did not seem to affect 
the precipitation, which occurred after about 
the same period of time had elapsed as was 
required for similar cultures in the open air. 

What remained now to be done was to isolate 
the organisms which threw the iron out of 
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solution and to study their morphology and 
the conditions under which they are active. It 
required considerable experimental work be- 
fore I succeeded in cultivating the organisms 
on solid media. 

The first attempt was made with 1.5 per cent 
washed agar, containing no nutrient material. 
To this substance 0.5 gram of ferric ammonium 
citrate was added for every 100 cubic centi- 
meters of agar. Plates were poured from this 
medium and were inoculated from various im- 
pure cultures. They were then allowed to in- 
cubate at room temperature for several weeks. 
Numerous colonies of different kinds of micro- 
organisms developed on the plates, but none 
caused the precipitation of ferric hydroxide 
from the agar. 

The second attempt was made by adding 
nutrient material in the form of soil and hav 
extract such as is used in media for protozoa. 
The agar was so prepared that 1,500 cubic 
centimeters of 1.5 per cent agar contained 
50 cubic centimeters of hay and soil ex- 
tract and 7.5 grams of ferric ammonium 
citrate. Plates were poured from soil in- 
fusion prepared by adding 20 grams of 
soil to a 400 cubic centimeter sterile water 
blank, then transferring 25 cubic centi- 
meters of this infusion to another 400 cubic 
centimeter sterile water blank, and so on to 
the fifth dilution. Inoculations were made 
from the fourth and fifth dilutions, 1 cubic cen- 
timeter being used for each plate. Abundant 
growth of various organisms occurred on the 
plates after several days, but again there was 
no precipitation of ferric hydroxide. 

In the third attempt, which was successful, 
Heyden Nahrstoff agar was used as a medium 
and ferric ammonium citrate was added to it 
in the proportion of 1 gram of ferric ammo- 
nium citrate to 100 cubic centimeters of agar. 
Inoculations were made from soil infusion pre- 
pared as already described. The plates were 
incubated at a temperature of 28° C. for three 
or four days, and by that time showed an abun- 
dant development of microorganisms. (See PL 
XII, A.) Even after the second day certain 
of the colonies were seen to develop a dark- 
brown halo around them, and after five or six 
days these colonies became very dark brown 
and opaque and developed an iridescent sur- 



face owing to the precipitated ferric hydrox- 
ide. The plates inoculated with soil infusion 
of the fourth dilution gave much more satisfac- 
tory results than the plates inoculated with soil 
infusion of the fifth dilution. 

Several kinds of colonies of bacteria precipi- 
tating ferric hydroxide developed under these 
conditions. The most typical ones were irreg- 
ular flat colonies with ragged corrugated or 
feathery edges, most of them lying on the sur- 
face of the agar. These precipitated ferric hy- 
droxide almost immediately aft^r they began 
to develop, and after five or six days became 
coated with a brittle, dark-brown crust of fer- 
ric hydroxide, whose surface was shining and 
generally iridescent. 

Another type of colony around which ferric 
hydroxide begins to precipitate soon after it 
develops is large and flat but differs from the 
preceding type in having smooth edges and a 




FiouRB 14. — Vaxioas forms of lower tacterla which hare the 
power of precipitating ferric hydroxide from solatlon* of 
ferric Amm<miiim dtrmte. X about 1,S50. 



moist surface. This type does not become as 
dark and opaque as the preceding one. 

There are a few other types of colonies of 
microorganisms which b^in to precipitate fer- 
ric hydroxide soon after they appear on the 
agar. They are mainly small circular colonies 
which do not show any distinctive charac- 
teristics. 

After a considerable period a great many 
other colonies on the plates begin to develop 
dark areas around them. ^Vmong these are 
small, raised, fluffy white colonies of Actino- 
myces and several varieties of small, raised 
cream-colored bacterial colonies. Some of these 
develop a small dark spot in the center. Bac- 
teria from a number of the colonies were exam- 
ined microscopically and it was found that 
there were several distinct species of organ- 
isms, some of them bacUlus and some coccus 
forms. (See fig. 14.) 
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Slopes of Heyden Nahrstoff agar, to which 
ferric ammonium citrate had been added, and 
also of bouillon agar similarly treated were in- 
oculated from various colonies and the result- 
ing streak cultures showed abundant formation 
of ferric hydroxide. Slopes of Heyden Nahr- 
stoff agar to which no ferric ammonium citrate 
had been added were similarly inoculated but 
showed practically no growth. Slopes of Hey- 
den Nahrstoff agar which contained manganese 
citrate also showed no growth. On the other 
hand, slopes of Heyden Nahrstoff agar to 
which sodium citrate had been added showed 
considerable growth upon inoculation, and the 
same was true of plain bouillon agar, either 
with or without the addition of sodium citrate. 

Pure cultures were made by inoculating an- 
other set of plates with organisms from one of 
the colonies which showed the most abundant 
formation of ferric hydroxide. These plates 
showed two distinct types of colonies as fol- 
lows: (1) Circular, flat colonies with irregular 
corrugated edges formed on the surface of the 
agar. These colonies were quite thin and re- 
sembled the colonies already described as 
forming on plates of impure cultures. The 
•formation of ferric hydroxide by the organism 
composing these colonies began in a few days. 
(2) Within the agar colonies of another type 
developed. These were very small, light- 
brown, lenticular colonies which commenced 
the formation of ferric hydroxide only after 
a week or two. There is little doubt that these 
two types of colonies were produced by the 
same species of microorganism, the difference 
being due to the different conditions under 
which they grew. 

The organism composing these pure cultures 
was examined under the microscope and was 
found to be a short bacillus averaging about 
1.4 micra in length, and about 0.5 micron in 
thickness. (See PI. XII, B.) It was found 
to be difficult to stain, owing probably to the 
presence of ferric hydroxide in the cell walls. 
Upon prolonged treatment with carbol fuchsin, 
however, it assumed a distinct red color. 

An attempt was made to determine the com- 
position of the material precipitated from 
solution by a pure culture of this bacillus. 
For this purpose two flasks were prepared 



with the following culture solutions, the first 
being a synthetic medium and the second an 
ordinary nutrient medium : 

Media used to obtain a pure culture in solution of the 
bacillus shown in Plate XII, B, 

Flask No. 1. 

KaHPO* grams— 0. 5 

MgSO* do . 5 

NH4NO1 do . 5 

CaCU do . 2 

NaNO, do .5 

Ferric ammonium citrate do 10.0 

DistiUed water cubic centimeters— 1, 000 

Fladt No. 2. 

Heyden Nahrstoff grams.. 7. 5 

Distilled water cubic centimeters.. 250 

Heated for 2 hours in a steamer and filtered ; 1,000 

■ 

cubic centimeters distilled water and 10 grams ferric 
ammonium citrate then added to filtrate. 

The solutions were both sterilized in the 
autoclave and then were inoculated from pure 
cultures. The synthetic solution showed pre- 
cipitation of the iron after an incubation pe- 
riod of about five weeks at room temperature 
(about 17^ to 19° C.) Th^ Heyden Nahrstoff 
solution showed no precipitation of iron even 
after a period of four and a half months. The 
precipitate from the synthetic solution was 
analjrzed by W. G. Crawford, University of 
Wisconsin, with the following results : 

Analysis of precipitate from flask No, i. 

[Dried at 106* CI 

Ferric oxide (FeaO.) ^ 65.00 

Phosphoric acid (P,0») 7.60 

Combined water (H,0) . 27.20 

Chlorine (CI) Trace. 

Sodium (Na) 'Trace. 

Potassium (K) None. 

Calcium (Ca) None. 

Magnesium (Mg) None. 

Ammonia (NH») None. 

Nitrate radicle (NO,) None. 

99.80 

A comparison of this analysis with the 
analysis of a similar precipitate obtained 
with impure cultures from a solution of ferric 

* with spectroscope. 
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ammonium citrate to which no other nutrient 
material had been added (see p. 33) shows 
marked differences. In the analysis of the 
precipitate obtained from the impure culture 
the ferric oxide amounts to 72.50 per cent as 
compared with 65 per cent in the analysis 
imder consideration, and there is in the pure 
culture 7.60 per cent of phosphoric acid, which 
is entirely lacking in the impure culture. The 
presence of phosphoric acid is easily explained 
as being due to the presence of phosphate in 
the synthetic mediiun. Phosphorus almost in- 
variably comes down with ferric oxide or 
alumina upon precipitation. Another differ- 
ence, however, and one much more difficult to 
explain, is that in the analysis from the impure 
culture combined water amounts to 7.11 per 
cent and the loss, exclusive of water, to 20.12 
per cent, whereas in the analysis of the pre- 
cipitate from the pure culture in the synthetic 
medium the combined water amounts to 27.20 
per cent and the loss due to volatilizing other 
substances is nil. There may be several ex- 
planations for this difference. In the first 
place, the presence of phosphoric a^id in addi- 
tion to the iron oxide may require a much 
larger percentage of combined water than iron 
oxide alone. The presence of this substance, 
however, does not account for the absence of 
other constituents, such as organic matter, in- 
cluded under loss. This difference, however, 
may be accounted for in part by the fact that 
the precipitate from the synthetic medium, on 
account of its slimy consistency, required 
washing by decantation for three weeks in 
order to clean it and to prepare it for analysis. 
This washing may have resulted in dissolving 
out any basic citrate and other material that 
may have been present and which in the pre- 
cipitate from the impure culture was not re- 
moved in the comparatively short period of 
washing (1 hour). According to Crawford, 
the water obtained from the precipitate from 
the synthetic medium varied with the amount 
of heat applied, being only 19 per cent when 
the medium was heated to 300® C. but increas- 
ing to 27,20 per cent when it was heated on 
platinum to as high a temperature as could be 
obtained. No distillation of carbon was noted. 
The material is therefore apparently a hydrous 
ferric phosphate of indefinite composition. 



PRECIPITATION OF FERRIC HYDROXIDE AND BASIC 
FERRIC SALTS FROM OTHER SOLUTIONS CONTAIN- 
ING ORGANIC IRON. 

At the same time that the experiments were 
being performed with ferric ammonium citrate 
a number of other organic iron salts were used 
as culture media with varying results. In the 
first place a series of cultures was prepared by 
inoculating different solutions containing or- 
ganic iron with soil in order to see what effect 
the organisms in the soil had on the different 
salts in solution. The following organic iron 
salts were used, 2 grams of the salt being dis- 
solved in 300 cubic centimeters of water in each 
experiment and the solution inoculated with 20 
grams of sandy soil. 

Appearance and reaction of solutions containing organic 

iron inoculated tcith soil, 

Perrlc ntnmonium citrate ^Solntion clear, Ught brown- 
ish red. Slightly add. 

Ferric citrate Solution clear, yellow with 

brownish tinge. Acid. 

Ferric oxalate Solution clear, light lemon- 
yellow. Acid. 

Iron lactPte Solution clear, light reddish 

brown. Slightly acid. 

Iron acetate Solution dark reddish 

brown. Acid. 

Iron albuminate (5 per Solution clear, light brown- 
cent FeaOs). !sh red. Neutral. 

Manganese citrate Solution colorless. Acid. 

Manganese acetate Solution colorless. Slightly 

acid. 

These cultures were kept in wide-mouthed 
bottles plugged with cotton, a small circular 
piece of sterilized filter paper being immersed 
in the solution in each bottle in order to cover 
the layer of soil at the bottom so as to prevent 
the precipitate that formed from mixing with 
the soil. They were allowed to incubate at 
room temperature for two months. Ferric 
ammonium citrate was used along with the 
other salts to serve as an indicator of the na- 
ture of the changes taking place in the other 
solutions. The organic ^manganese salts were 
used in order to determine whether the organ- 
isms would precipitate manganese from solu- 
tion as well as iron. The following results 
were obtained : 

From the ferric ammonium citrate solution 
flocculent, brownish-red ferric hydroxide was 
precipitated in about two weeks and formed 
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tufts on the sides of the bottle and a thin layer 
on the filter, paper. Mold mycelia developed 
abundantly in this upon standing. A thin 
brittle brownish film formed over the surface 
of the solution. The solution became colorless 
but remained turbid. 

In the ferric citrate solution precipitation was 
only partial at the end of two weeks but was 
complete in about three weeks. The precipi- 
tate consisted of flocculent black material, 
which formed a layer about one-fourth inch 
thick on the filter paper. The nature of the 
precipitate is unknown. It may have been 
hydrous ferrous sulphide. A dark-brown to 
black thin brittle film developed on the sur- 
face of the solution and from it a matting of 
black filaments, probably mold, extended down 
into the solution. Mold mycelia also developed 
abundantly in the black precipitate on the filter 
paper, as shown by microscopic examination. 
The solution became clear and colorless. 

The ferric oxalate solution gave a very thin, 
light-brown deposit on the filter paper and on 
the sides of the bottle in about one and one- 
half weeks. The nature of the deposit was not 
determined. A thin brown brittle film formed 
on the surface of the solution.. The solution 
became slightly turbid and retained a brown- 
ish tinge even after standing for two months. 

In the iron lactate solution the precipitation 
did not begin until after two or three weeks 
and was not complete even after two months. 
The precipitate was brownish red and floccu- 
lent and settled very slowly on the filter paper, 
so that at the end of two months the deposit 
was nearly one-half inch in thickness. Small 
masses attached themselves to the sides of the 
bottle. The solution remained light brownish 
owing to fine, suspended, flocculent material. 
Upon microscopic examination the precipitate 
was seen to consist mainly of colloidal material 
with here and there mold mycelia, some of 
which had a brown coating. The precipitate 
probably consisted of ferric hydroxide and 
more or. less basic iron lactate. 

From the iron acetate solution a flocculent 
reddish-brown material was precipitated in 
about a week and formed a fluffy layer about 
three-fourths inch thick on the filter paper. 
After a period of several weeks molds de- 
veloped abundantly in this deposit and some 



became coated with a thick brown deposit. The 
precipitate probably consisted chiefly of a mix- 
ture of ba^sic ferric acetate with some ferric hy- 
droxide. It seems likely, to judge from later 
experiments, that the precipitation in this ex- 
periment resulted from hydrolysis rather than 
from bacterial action. 

The solution of iron albuminate began to 
ferment a day or two after it was prepared. 
It gradually became black and a thick brown 
scum formed on the surface. The changes 
probably resulted from complex processes of 
decomposition due to the presence of albumin. 

No precipitation occurred in the solutions of 
manganese salts, but molds developed abun- 
dantly. In the manganese citrate solution mold 
mycelia developed as black filaments forming 
a matting below a light-brown brittle surface 
film. This growth eventually dropped to the 
bottom and formed a dark-gray deposit on the 
filter paper. Besides mold mycelia this deposit 
was found to contain filaments of algae and 
protozoa. In the manganese acetate solution 
the mold grew as a white, woolly matting on 
the filter paper. The deposit gradually be- 
came darker and more compact. The solution 
remained clear in both experiments. 

The results in general showed that precipi- 
tation of ferric hydroxide and basic ferric 
salts took place in solutions of other organic 
iron salts besides ferric ammonium citrate but 
that the time and manner of precipitation 
varied in different solutions. They also 
showed that manganese was not precipitated 
from solution in the same manner as iron, al- 
though microorganisms developed abundantly 
in solutions of organic manganese salts. 

It now became necessary to determine 
whether the precipitation from these iron solu- 
tions was due to chemical action or to the ac- 
tivity of organisms. For this purpose another 
set of solutions was prepared in the same way 
as the set just described except that iron al- 
buminate was omitted. After inoculation with 
soil the cultures were sterilized in an auto- 
clave. The sterilization produced a slight 
change of color in some of the solutions, and 
in the iron acetate solution it caused the forma- 
tion of a reddish-brown flocculent precipitate 
due to hydrolysis. This precipitate probably 
consisted mainly of basic ferric acetates and 
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appeared to be similar to that formed in the 
iron-acetate culture already described. The 
solutions were allowed to stand for six weeks 
at room temperature, and during this period 
did not alter their appearance. At the end of 
six weeks the solutions were reinoculated by 
adding 1 cubic centimeter of fresh soil infusion 
to each, and were allowed to stand under the 
same conditions as before for another period 
of six weeks. 

Precipitation in the ferric ammonium citrate 
solution took place in about one week after 
the inoculation, but in the other solutions the 
precipitation was slower. At the end of six 
weeks, however, precipitates had formed in 
all the iron solutions, and molds were growing 
in the manganese solutions. The precipitate 
from the ferric citrate solution was flocculent 
and brownish yellow in color and formed a 
coating over the layer of soil. The precipitates 
from the other iron solutions (iron lactate, 
ferric oxalate, and ferric ammonium citrate) 
were verv similar to those which occurred in 
the previous cultures that had not undergone 
sterilization. In general they formed brown, 
flocculent deposits. 

After obtaining precipitates from solutions 
containing organic iron inoculated with soil, 
under diflfereftt ccwiditions as described above, 
several attempts were made to obtain precipi- 
tates from solutions of these salts in natural 
waters. However, no precipitation occurred, 
although some of tiie cultures were allowed 
to stand for six months at room temperature. 
At the end of this period only a slight turbid- 
ity was noticeable in some of them. 

Attempts to isolate bacteria which might 
cause precipitation of ferric hydroxide or in- 
soluble basic ferric salts from ferric oxalate 
and iron lactate solutions were also unsuccess- 
ful. Pure cultures of bacteria obtained from 
agar containing ferric ammonium citrate were 
transferred to slopes of Heyden Nahrstoff 
agar containing ferric oxalate and iron lac- 
tate, but no growth took place. Later plates 
of the same agar and also of plain bouillon 
agar were inoculated directly with a fresh in- 
fusion of soil, but no colonies either of bacteria 
or molds formed on the plates, although plates 
of agar containing ferric ammonium citrate 
that were inoculated at the same time from 
the same soil infusion showed abundant 



growth. Whether this experiment indicates 
that bacteria do not grow in the presence of 
ferric oxalate and iron lactate and that the 
precipitation in the solutions was due to the 
action of molds which do not grow readily on 
solid media is diflScult to say. It is very desir- 
able that further work should be done along 
this line with other organic iron salts, such as 
iron tartrate, iron formate, iron butyrate, iron 
malate, iron ammonium tartrate, iron mag- 
nesium citrate, and others. Only in this way 
is it possible to determine how general is the 
precipitation of insoluble iron compounds from 
solutions of organic iron salts by micro- 
organisms. From the experiments performed 
it seems reasonable to suppose that it is fairly 
general and that in certain cases bacteria are 
responsible and in other cases molds. 

PRECIPITATION Or FERRIC IITDROXIDB AND BASIC 
FERRIC SALTS FROM SOLUTIONS CONTAINING IN- 
ORGANIC IRON. 

Several attempts were made to obtain, in so- 
lutions of inorganic iron salts, cultures of bac- 
teria from soil and natural waters other than 
the iron thread bacteria already described. It 
seemed possible that Sideroeapsa^ described by 
Molisch * as being a very abundant water bac- 
terium, or Bacillus M, 7, described by Mum- 
ford,* might be cultivated in artificial media 
containing inorganic iron salts. It seemed pos- 
sible also that other lower bacteria might exist 
in the soil or natural waters which could use 
constituents present in certain inorganic iron 
salts with the result that ferric hydroxide or 
basic ferric salts would be precipitated. Such 
a process would be analogous to that just de- 
scribed as occurring when ferric hydroxide or 
basic ferric salts are precipitated from solu- 
tions of organic iron salts through the action 
of microorganisms. 

However, my attempts to obtain such cuU 
tures have all been unsuccessful. Although 
precipitation of insoluble ferric compounds 
occurred in nearly all the inorganic iron solu- 
tions used, this precipitation seemed to be due 
to oxidation and hydrolysis or to hydrolysis 
alone, rather than to biologic processes. A 

» MollRch, nans, Die Eisenbakterlen, pp. 11-14, 1910. 
3 Mumford, E. M., A new iron bacterium : Chem. Sbc 
Jour., vol. 103, pp. C4&-050, 1913. 
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brief statement concerning the solutions used 
and the results obtained is given below. 

The inorganic iron salts used in the experi- 
ments were ferrous sulphate (FeSO^.TH^O), 
ferrous ammonium sulphate (FeS04(NH4)2- 
SO4.6H2O), ferrous carbonate (FeCOg)) and 
ferric chloride (FeaCle-nHgO). All of these 
solutions when allowed to stand where oxygen 
from the atmosphere was accessible became 
oxidized or hydrolyzed, forming yellow or yel- 
lowish-brown ocherous precipitates consisting 
either of ferric hydroxide or of a mixture of 
ferric hydroxide and basic ferric salts. 

Attempts to make bacterial cultures in fer- 
rous sulphate solutions were made with differ- 
ent strengths of solutions from very dilute to 
saturated. Yellowish-brown flocculent ocher- 
ous precipitates formed in all of them, and 
these were examined with the microscope from 
time to time for evidences of the presence of 
microorganisms. The precipitates in general 
had a granular appearance under the micro- 
scope, the granules being brownish yellow in 
color and somewhat rounded and fairly regu- 
lar in size and shape. However, mixed with 
this granular material, many of the precipi- 
tates showed large irregular masses of a light- 
colored, textureless colloidal substance, resem- 
bling in appearance, though not in color, the 
precipitates formed in solutions containing 
organic iron or those formed by adding am- 
monium hydroxide to inorganic ferric salts, 
such as ferric chloride. The only organic 
forms found in the precipitates were scattered 
threads of mold myoelia, which were found in 
one or two of them after standing for several 
weeks. 

It seems possible, of course, that the floccu- 
lent granular precipitate itself was the result 
of bacterial action, as is the flocculent, reddish- 
brown precipitate which forms in the organic 
iron solutions. However, with the inorganic 
iron salts sterilization apparently has no effect 
on the precipitating action, except that with 
some of them it hastens precipitation. 

Montfort,^ as has been stated (p. 9), claims 
that LeptotJirix develops in solutions of fer- 
rous sulphate, but I have not been able to 
identify it in my cultures. Up to the present 
time I have found no microorganisms with the 

* Montfort, W. F., Dry feed of chemicals in water purifica- 
tion : Jour. Am. Waterworks Assoc, vol. 2, pp. 200-206, 
1915. 



exception of molds in any cultures prepared 
with inorganic iron salts except those con- 
taining ferrous bicarbonate. 

The precipitation of ferric hydroxide and 
basic ferric salts from solutions of ferrous 
sulphate differed from that taking place in 
organic iron solutions likewise in that it was 
not complete. A flask containing 750 cubic 
centimeters of water in which were dissolved 
3.5 grams of ferrous sulphate was allowed to 
stand under oxidizing conditions for 6 months. 
An abundant precipitate of yellowish-brown 
ocherous material formed during this period, 
but much ferrous sulphate remained in solu- 
tion at the end of this time, as was shown by the 
flocculent, light-green precipitate of ferrous 
hydroxide (Fe(OH)2), which formed upon 
the addition of ammonium hydroxide to the 
s(»lution. 

An interesting experiment was performed 
with solutions of ferrous ammonium sulphate 
inoculated with soil. Three bottles each con- 
taining a solution of 2 grams of ferric am- 
monium sulphate in 300 cubic centimeters of 
water were inoculated with 20 grams of soil. 
One of the bottles was left where oxygen of 
the atmosphere had free access to the solution, 
but the other two, one of which was sterilized, 
were attached to an apparatus generating car- 
bon dioxide, and the solutions they contained 
were kept saturated with carbon dioxide. Pre- 
cipitation began in the first bottle within 15 or 
20 minutes after the solution was prepared, 
and in two or three days a deposit of yellow- 
ish-brown ocherous material covered the layer 
of soil and the inside of the bottle. The solu- 
tions saturated with carbon dioxide, however, 
showed no precipitation and no cloudiness, al- 
though they were left for several weeks con- 
nected with the apparatus that generated car- 
bon dioxide. When they were finally discon- 
nected, however, and the solutions became ac- 
cessible to oxj^gen of the atmosphere a yellow- 
ish-brown, ocherous precipitate formed in a 
short time in both the sterilized and im- 
sterilized solutions. This experiment showed 
that the precipitation of ferric hydroxide from 
solutions of ferrous ammonium sulphate was 
due to simple oxidation and hydrolysis. 

Mumf ord describes the isolation of a bacillus 
from the water of the tunnels on the Bridge- 
water Canal, near Worsley, Lancashire, Eng- 
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land, which is strongly charged with iron, ow- 
ing to the entrance of iron-bearing colliery 
waters. He states that he made cultures of this 
organism in solutions of both ferric ammonium 
citrate and ferrous ammonium sulphate, and 
found that it precipitated ferric hydroxide in 
24 to 36 hours at 37° C. The strength of the 
solutions used was 0.05 per cent, and they con- 
tained 0.005 per cent of peptone. He states 
that in both solutions the precipitation took 
place only under aerobic conditions and that 
the precipitation was complete, no iron re- 
maining in solution. Under anaerobic condi- 
tions he found that precipitation did not take 
place, but that freshly precipitated ferric hy- 
droxide was changed under these <*onditions to 
black compact bog ore.^ 

The results obtained by Mumford with fer- 
ric ammonium citrate solutions are similar to 
those which I have already described as ob- 
tained with various solutions containing or- 
ganic iron, except that in my experiments I 
was able to cause the precipitation both under 
aerobic and anaerobic conditions. In my ex- 
periments, also, the complete precipitation re- 
quired a longer period of time. Tne results 
obtained with ferrous ammonium sulphate, 
however, are difficult to understand, because, 
as I have shown, precipitation takes place in 
this solution under oxidizing conditions, 
whether organisms are present or not, whereas 
in the absence of oxygen precipitation appar- 
ently does not take place. It is difficult to see 
under what conditions Mumford conducted 
his experiments in order to determine that it 
was the organism and not simple oxidation 
that caused the precipitation. 

Experimentation with solutions of ferrous 
bicarbonate is somewhat difficult, because of 
the difficulty of getting ferrous carbonate into 
solution, and because of the small amount ca- 
pable of being taken into solution even under 
favorable conditions. It is difficult also to re- 
tain it in solution because of its susceptibility 
to oxidation. A common way of obtaining 
solutions of ferrous bicarbonate is to place iron 
filings in water which is kept saturated with 
carbon dioxide. In this manner ferrous bi- 
carbonate may be obtained in solution up to 

* Mnmford, E. M-, A new Iron bactertum : ChenL Soc. 
Joar., ToL 103, pp. 645-650, 1913. 



about 0.01 per cent.* It is much more satis- 
factory, however, to work with natural iron- 
bearing waters. The oxidation and precipita- 
tion, however, take place very rapidly in such 
waters. A natural solution of ferrous bicar- 
bonate which contained 5.0 parts per million 
of ferric oxide in the form of ferrous bicar- 
bonate was left in a bottle with a rubber stop- 
per. It soon became cloudy, and a yellowish- 
brown precipitate began to form in about an 
hour and continued forming for several days. 
After about 10 days only 0.2 part per million 
of ferric oxide remained in solution. The pre- 
cipitate which formed was examined micro- 
scopically and was found to consist of light 
yellowish-brown semitransparent gelatinous 
ferric hydroxide with strands of iron thread 
bacteria, chiefly Leptothrix. The presence of 
the gelatinous ferric hydroxide would seem to 
indicate that the precipitation at least in part 
was due to simple oxidation. The presence of 
Leptothrix is 'explained by the fact that it 
occurred in the spring from which the water 
was taken. 

A dilute solution of ferric chloride in nat- 
ural wat^r was allowed to stand at room tem- 
perature for several months with free access of 
oxygen of the atmosphere. A brownish-yellow 
precipitate, probably ferric hydroxide, similar 
to that which forms in inorganic ferrous solu- 
tions, formed in it. There was no evidence of 
bacterial action. This precipitate is notable, 
for normally upon the oxidation of ferric 
chloride by the addition of ammonium hydrox- 
ide a brownish-red, flocculent precipitate of 
ferric hydroxide forms. After two or three 
months apparently no ferric chloride remained 
in solution. 

PRECIPITATION OF FERROUS SULPHIDB FROM 
SOLUTIONS CONTAINING IRON. 

The precipitation of ferrous sulphide (FeS) 
from iron-bearing solutions occurs abundantly 
under the influence of microorganisms. It 
takes place under reducing conditions and 
usually in the presence of abundant decaying 
organic matter. The formation is usually due 
to the action of hydrogen sulphide (HjS), 

•Lleske, Rudolf, Beitiiige «ir Kenntnls der Physiologic 
von Spirophyllum ferrugineum Ellis, einen typlschcn Eisen- 
bakterinm : Jahrb. wise. Botanik, Band 49, pp. 91-127, 1911. 
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formed under these conditions, on ferrous salts 
in solution, but may be due also in part to the 
reduction of iron salts of sulphurous or sul- 
phuric acid. Ferrous sulphide may be formed 
in four distinct ways.* (1) Hydrogen sulphide 
is commonly produced by the decomposition of 
sulphur-bearing proteins in organic matter, 
due to the action of various decay-producing 
bacteria. By reaction with a ferrous salt in 
solution ferrous sulphide is*precipitated by it. 
(2) Certain bacteria, commonly known as sul- 
phate reducers, have the power, in the presence 
of decaying organic matter, of taking the oxy- 
gen away from sulphites, sulphates, or thio- 
sulphates, and reducing* them to sulphides. If 
these compounds happen to be compounds of 
iron, ferrous sulphide is formed directly. (3) 
If, however, some other sulphide, such as cal- 
cium sulphide (CaS), is formed in this man- 
ner, it may react with carbon dioxide and 
water to form hydrogen sulphide, according to 
the following reaction : * 

CaS-fCO,-fH,0=CaCO,-fH,S 

The hydrogen sulphide thus formed may then 
react upon ferrous salts in solution, precipi- 
tating ferrous sulphide. (4) Certain bacteria, 
in the presence of decaying organic matter, act 
directly upon free sulphur, reducing it to hy- 
drogen sulphide, which may precipitate ferrous 
sulphide (FeS), if iron salts are present. 

Hydrogen sulphide is formed from decay- 
ing sulphur-bearing proteins, either by proc- 
esses of reduction or by the splitting oflf of 
the hydrogen sulphide molecule as a hydro- 
lytic cleavage product. The power of produc- 
ing hydrogen sulphide from protein is common 
not only to practically all the putrefying bac- 
teria but is possessed also by various other 
bacteria which use proteins as food. The for- 
mation is accelerated by the absence of oxygen, 
and is also favorably influenced by the pres- 
ence of peptone. 

The production of hydrogen sulphide from 
organic matter may be shown by hanging lead 

^ Omellanski, W., Der Kreislauf des Schwefels, In F. La- 
far*8 Handbuch der Technlscben Mycologie, Band 3, pp. 
214-220, 1904-1006. 

Lipman, J. G., Microbiology of soil, In MarshaU's Micro- 
biology, pp. 288-290, 1912. 

Phelps, E. B., Microbiology of sewage, in Marshairs Micro- 
biology, pp. 217-218, 1912. 

• Lipman, J. G., op. dt., p. 290. 



foil in a flask in which some organic matter is 
decomposing. Hydrogen sulphide will com- 
bine with lead, producing lead sulphide 
(PbS), which will form as a black coating 
on the lead foil. In solid media iron salts are 
used as indicators of the presence of hydrogen 
sulphide. Thus, 3 per cent of iron tartrate or 
iron saccharate in bouillon-peptone-gelatin in- 
dicates the presence of hydrogen-sulphide pro- 
ducers by the formation of iron-sulphide halos 
around the colonies.* 

The method of the formation of hydrogen 
sulphide from decaying protein is not defi- 
nitely known. If formed as a product of re- 
duction it may result from special activities 
inherent to the protoplasm of the microorgan- 
isms or it may be due to the reducing action of 
other products, such as hydrogen, which micro- 
organisms form. Where hydrogen sulphide 
forms as a direct cleavage product, it is sup- 
posed that the molecule was present in the 
protein as such and was released by bacterial 
action. However, the composition of protein 
is very imperfectly imderstood, and its decom- 
position is largely a matter of conjecture. 

The reduction of sulphates, thiosulphaies, 
and sulphites by sulphate-reducing bacteria 
commonly produces metallic sulphides but is 
usually accompanied also by the formation of 
considerable quantities of hydrogen sulphide. 
This is probably due to the fact that carbon 
dioxide present acts upon the metallic sul- 
phides inmiediately upon their formation, pro- 
ducing hydrogen sulphide. A considerable 
number of bacteria probably have the power 
of reducing sulphates, among which the best 
known* are Vibrio hydrosvlfureus and Bac- 
terium hydrosulfureum ponticwm^ isolated 
from the Black Sea muds by Selinsky and 
Brussilowsky, Proteus vulgaris and BacUlys 
mycoides^ shown by Nadson to reduce calciimi 
sulphate to calcium sulphide in the presence of 
a limited supply of oxygen, Spirillum deml- 
furieans^ proved by Beijerinck * to reduce sul- 
phates energetically, and Microspira aestu^arii. 
a form similar to Spirillunb desulfwriccms^ 
isolated by Van Delden. Of these organisms 
the first two besides reducing sulphates also re- 

^Omelianskl, W., op. cit., pp. 214-216. 
*Idem, pp. 216-218. 

» Beijerinck, M., SpiriUum deaulphuricans : Centralbl. Bak- 
teriologie, Abt. 2, Band 1, p. 1, 1895. 
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duce thiosulphates when no organic sulphur j or magnesium sulphate, and ferrous ammonium 



is present, and the last two, one of which 
(Spirillum. desiUfuricans) is a fresh- water 
form and the other a salt-water form, reduce 
sulphates, thiosulphates* and sulphites. An- 
other organism, Bactertum^ gulfureun^ has been 
found which reduces sodium thiosulphate. 
Judging from the fact that some of the sul- 
phate-reducing organisms work more effec- 
tively in the absence of organic sulphur com- 
pounds, such as proteins, it appears that many 
of them are capable of decomposing organic 
sulphur compounds as well as of reducing sul- 
phides. 

Thiosulphates and sulphites, according to 
Beijerinck, are reduced also when added to 
fermenting sugar solution or other yeast cul- 
tures, showing that yeasts as well as bacteria 
have the power of sulphate reduction. 

Brussilowsky ^ isolated three varieties of bac- 
teria which are chiefly concerned in the reduc- 
ing processes characteristic of the black fer- 
rous sulphide-bearing muds of limans. These 
grew on meat-peptone-agar and produced the 
characteristic odor of the liman mud. The 
principal one isolated was Vibrio hydrosvl- 
fureus. When oxidized gray liman mud in 
which this organism occurs was sterilized it 
was found to keep indefinitely, but upon inocu- 
lation with pure cultures it showed reduction 
and again turned black. A great many other 
anaerobic bacteria probably have the same 
power, the functions not being confined to a 
few species. 

An artificial medium for sulphate-reducing 
organisms was prepared by Brussilowsky by 
mixing a 2 per cent solution of aluminum 
chloride (AlCl,) with a little ferric chloride 
and a little of a 0.33 per cent solution of thio- 
sulphate, and adding ammonium hydroxide to 
make it alkaline. This, when inoculated with 
a bouillon culture of the bacteria, showed fer- 
rous sulphide formation in 24 hours. 

Nadson produced a reduction of sulphates 
with BacciluH mycoiiles and Proteus imJ-gari^^ 
under anaerobic conditions and in the presence 
of peptone. 

Beijerinck prepared cultures of sulphate re- 
ducers by using a medium consisting of ordi- 
nary ditch water and a small quantity of min- 
eral salts, such as sodium carbonate, calcium, 

> Omellanskl, ^V., op. clt, pp. 220-224. 



sulphate, and traces of organic compounds 
such as sodium malate or asparagin. He 
found that small quantities of organic com- 
pounds were necessary in order to supply car- 
bon for the organism. Impure cultures in 
the absence of oxygen and at a temperature of 
25^ to 30° C. showed reduction of sulphate, 
accompanied by the formation of an appre- 
ciable amount of hydrogen sulphide in 12 to 
24 hours. Pure cultures of SpiriUwm desul- 
furicans were obtained by him on plates of 
agar and gelatin prepared with the above me- 
dium. The organism isolated is a slightly 
coiled Spirillum about 4 micra in length and 
1 micron in thickness. 

Microspira ae^tuarii was isolated later from 
salt water by Van Delden. Its close resem- 
blance to SpiriUwm desulfvricana led to the be- 
lief that it might be the same form living under 
different conditions. Th^ addition of gradu- 
ally increasing quantities of common salt to 
the culture solutions, however, was found to 
have entirely different effects on the two organ- 
isms; 

It was found that in pure cultures of these 
two microorganisms the amount of hydrogen 
sulphide formed was ver>' large, amounting 
to several himdred milligrams per liter of cul- 
ture solution. Pure cultures also thrive and 
react on sulphates in the presence of a larger 
percentage of organic material, such as bouil- 
lon, than impure cultures, because there is no 
competition with ordinary putrefying bacteria, 
which otherwise crowd out the sulphate re- 
ducers. 

A good medium to use for the detection and 
isolation of sulphate reducers is the one used 
by Prof. E. B. Fred, of the University of Wis- 
consin, for class work, as follows: 

Culture solution for sulphate-reducing bacteria. 

Water liter.. 1 

Aninionium sulphate ((NH4)jS04) grams 2 

Smliuni lactate do 5 

Dibasic potassium phosphate (KjHPO«) do .5 

Ferrous sulphate (FeS04) Trace. 

Thi5 medium may be placed in bottles and to 
it should be added a small amount of garden 
soil (1 gram) or of marsh slime (0.1 cubic 
centimetrr). The bottles should be filled with 
the medium and then corked and rendered air- 
tight by immersing the mouth and stopper in 



EXPERIMENTS ON PRECIPITATION OF IRON FROM SOLUTIONS BY BACTERIA. 



43 



hot paraffin. Upon incubating at 37° C. for 
three or four days a blackening of the solution 
takes place, owing to the formation of ferrous 
sulphide by the reduction of the sulphates 
present. After a period of several weeks the 
solution may be tested for sulphates by adding 
a little barium chloride (BaClj) to a small 
amount of the liquid culture jwured into a test 
tube. If sulphates are still present a white 
precipitate of barium sulphate (BaS04) forms. 
In time all the sulphates present will be re- 
duced. 

Pure cultures of the organisms may be ob- 
tained by using an agar medium. This is pre- 
pared by adding 15 grams of agar to 1 liter 
of the liquid medium described above. The 
sulphate agar medium may be inoculated from 
the bottle cultures. After incubating for a 
few days colonies with black halos will de- 
velop. Organisms from these colonies may 
then be reinoculated into sterile liquid media 
or on to other plates and pure cultures thus 
obtained. 

The following medium developed by Fred 
was found to be very satisfactory for obtain- 
ing cultures of sulphate-reducing organisms: 

Culture medium for sulphate-reducing bacteria. 

Iron lactate (Fe(CaHe08)a3HaO) grams__ 5.0 

Ammonium sulphate ((NH4)tS04) do 2.0 

Dibasic potassium phosphate (KsHPO«)_do .5 

Distilled water cubic centimeters— 1, 000 

A solid medium may be prepared with this 
solution by adding it to a 15 per cent bouillon 
gelatin and sterilizing in an autoclave at 10 
pounds pressure for 15 minutes. Colonies of 
sulphate-reducing bacteria growing on plates 
prepared from this medium will develop the 
characteristic dark halo due to the formation 
of ferrous sulphide. 

The physiology of sulphate-reducing bac- 
teria is not yet thoroughly imderstood. Some 
investigators have claimed that the reducing 
action is not a property of any particular 
species of bacteria but that it is due to nascent 
hydrogen, which is liberated by many anaer- 
obic organisms. Others believe that the action 
is due to methane liberated during the fer- 
mentation of cellulose by certain groups of 
organisms, the reaction being 

CH.+MSO.^MCOa+H^S-fH^O 



Beijerinck rejects these explanations and 
cites a number of experiments in which hydro- 
gen or methane producing bacteria did not 
reduce sulphates and in which sulphate re- 
ducers did not reduce other substances, such as 
nitrates. This indicates that the property of 
reducing sulphates is a special characteristic 
of certain bacteria, which use the oxygen taken 
from the sulphates for the production of en- 
ergy within their cells by the oxidation of car- 
bon to carbon dioxide. The reaction may be as 
follows : 

MSO,+2C=2CO,+MS 

The sulphide may then be acted upon by car- 
bon dioxide and water, and the production of 
hydrogen sulphide results according to the fol- 
lowing equation : 

MS+C0,+H,O=H,S+MCO3 

It is claimed that hydrogen sulphide is also 
produced by bacteria by the reduction of free 
sulphur in the presence of organic matter.^ It 
was noticed that sulphur present in cultures 
containing decomposing organic matter grad- 
ually disappeared and that hydrogen sulphide, 
or, if iron salts were present, ferrous sulphide, 
formed abundantly. Thus Winogradsky found 
that the sulphur granules of dead cells of sul- 
phur bacteria, such as Beggiatoa^ gradually dis- 
appeared during decomposition with the for- 
mation of hydrogen sulphide. Later it was 
found that flowers of sulphur were attacked 
under the same conditions and that hydrogen 
sulphide was formed abundantly. 

Beijerinck prepared two flasks with meat 
bouillon containing 1 per cent iron lactate as 
indicator. The oxygen present was removed 
by boiling and then flowers of sulphur were 
added to one of them. After inoculation with 
impure bacterial cultures and incubation for 24 
hours both solutions became black through the 
formation of ferrous sulphide, but though the 
ferrous sulphide formation in the flask con- 
taining no free sulphur soon reached a limit 
that in the other flask continued for a long time 
and a large quantity of the black precipitate 
was formed. The formation of hydrogen sul- 
phide from free sulphur is believed to be a 
secondary process, resulting from the various 

> Omelianski, W., op. cit, pp. 219, 220. 
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reactions which take place in • decomposing 
organic matter. 

Associated with the hydrogen sulphide 
forming and the sulphate-r^ucing bacteria is 
an important and very interesting group of 
organisms known as the Thiobacteria or sul- 
phur bacteria. A considerable number of mor- 
phologically different varieties of bacteria be- 
long to this group, the principal members be- 
ing the colorless varieties Thiothrix and Beg- 
giatoa and the red or violet-colored varieties 
known collectively as Rhodohcucteria. The sul- 
phur bacteria have the power of oxidizing 
hydrogen sulphide to free sulphur and sul- 
phuric acid, thus obtaining energy for the 
assimilation of food. The sulphuric acid 
formed immediately imites with bases present 
to form sulphates. The food of these bacteria 
is derived from organic matter, while the oxy- 
gen necessary for the oxidation of hydrogen 
sulphide is derived from free oxygen dissolved 
in the water. 

As sulphur bacteria require both hydrogen 
sulphide and oxygen, and as an increase in 
hydrogen sulphide in solution results in an 
expulsion of oxygen, there is a certain hori- 
zon in the solution where the oxygen, which 
comes down from the surface, and the hydro- 
gen sulphide, which comes up from the decay- 
ing organic matter on the bottom, are both 
present in the right proportions for these or- 
ganisms to thrive on. At this horizon they 
form a platelike film, and it is below this film 
that sulphate-reducing and hydrogen sulphide 
forming bacteria are most active. 

Jegunow^ found that in limans (see p. 63), 
where the water is shallow and the mud is gray- 
ish and slightly oxidized, the sulphur bacteria 
lie on the bottom. With increasing depth and 
decrease of oxygen, the sulphur bacteria are 
forced to leave the bottom and form a thin 
layer through the water, while the mud be- 
comes black in consequence. He believes that 
such a layer of bacteria is probably found over 
the entire Black Sea at a depth of about 200 
meters. 

Laboratory cultures made of black liman 
muds in water in a high glass jar showed a 
cloudy platelike swarm of organisms 0.2 to 0.3 
millimeter thick in the water. The height of 

^ J<*>funow, M.. Bakterlen-GeBellschaften : Centralbl. Bakte- 
rioJoKlp, Abt. 2, Band 2, p. 20, 1896. 



this layer above the mud depended on the 
amount of hydrogen sulphide formed. When 
it sank down to the mud the mud became gray 
through oxidation,^ but upon the exclusion of 
oxygen it again became black and the swarm 
layer rose in the water. 

The sulphates formed abundantly by the sul- 
phur bacteria from hydrogen sulphide are at- 
tacked by the associated sulphate-reducing 
bacteria and are again reduced to sulphides 
and hydrogen sulphide, thus making a com- 
plete cycle. If ferrous or manganese sulphide 
are formed, they are precipitated. 

OEOLOOIC nCPOETANCE 07 IBON-SEPOSITINO 

BACTEEIA. 

IRON IN THE earth's CRUST. 

In a study of the deposition of sedimentary 
iron-ore deposits there are four important 
points to consider: (1) The source and the 
manner of solution of iron compounds, (2) the 
transportation of iron compounds, (3) the 
manner of deposition of iron compounds, and 
(4) the conditions under which iron com- 
pounds are deposited. 

Iron is abundant In the earth's crust in both 
the ferrous and ferric forms. Ferrous iron oc- 
curs in nearly all rocks. In the original crys- 
talline rocks, such as granite, diorite, gabbro, 
pyroxenite, and peridotite, ferrous iron forms 
an important constituent of the ferromagne- 
sian silicates, mainly biotite, amphibole, pyrox- 
ene, olivine, and chlorite. It is also present in 
the oxides of iron, magnetite and ilmenite, 
which form a noticeable percentage of the more 
basic crystalline rocks. In sedimentary rocks 
ferrous iron is present in original undecom- 
posed silicates that occur in shales and gray- 
wacke, in secondary silicates, and also in sec- 
ondary iron carbonate, which occurs in varying 
abundance in nearly all sedimentary rocks. In 
metamorphic rocks ferrous iron occurs mainly 
in the secondary iron silicates, especially in bio- 
tite, amphibole, chlorite, and garnet, but to 
some extent it is also present as recrystallized 
iron carbonate. 

Ferric iron occurs in original crystalline 
rocks, mainly as the oxides magnetite, hema- 
tite, and ilmenite, but it is also foimd in 
smaller amounts in some of the silicates, such 
as biotite, amphibole, pyroxene, and epidote. 
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In sedimentary rocks it is found mainly as the 
oxides hematite and limonite, and in some iron 
silicates, such as glauconite, and in metamor- 
phosed sediments it occurs as the oxides hema- 
tite and magnetite and in the silicates biotite, 
amphibole, and garnet. 

In addition to these minerals, iron is pres- 
ent in nearly all rocks in the form of the sul- 
phides, py rite or marcasite, and occasionally in 
basic igneous rocks as pyrrhotite. 

Thus iron is one of the most abundant and 
widely distributed metals on the surface of 
the earth, the only metal exceeding it in abun- 
dance being aluminum. In Clarke's average 
analysis of the earth's crust to a depth of 10 
miles,^ ferrous and ferric oxide, considered to- 
gether, rank third in abundance of all the ox- 
ides, being exceeded only by silica and alumina. 
The principal constituents in the average rock 
and in the average igneous rock as given by 
Clarke, rank as follows : 



Composition of average rock of the earth's crust and^ 

of average \gneous rock. 



SiOj.. 

AlaO, 

CaO.. 

MgO. 

FeO. 

NaoO. 

K^O. 

Fe^O, 

H,0 



Average 
rock.<» 



All other constituents ! 2. 



59.77 
14.89 
4.86 
3.74 
3.39 
3.25 
2.98 
2.69 
2.02 
41 



100.00 



Average 

igneous 

rock. 



59.83 
14.98 
4.84 
3.81 
3.46 
3.36 
2.99 
2.65 
1.89 
2.19 



100.00 



oin the average rock which, according to Clarke, represents the 
earth's crust to a depth of 10 miles, the following percentages of igne- 
ous and sedimentary rocks are taken : Igneous, 9o per cent ; shale, 4 
per cent; sandstone, 0.75 per cent; limestone, 0.25 per cent. 

DECOMFOSmON OF IRON-BEARING MINERALS. 

When the rocks forming the earth's crust 
suffer disintegration and decomposition in their 
change to soil the iron compounds are dis- 
solved by the action of the acids that are pres- 
ent in surface and ground waters. These acids 
are principally carbonic acid (HjCOg) and 
various organic acids, such as butyric, pro- 
pionic, formic, lactic, acetic, citric, tartaric, 
valerianic, and the little-known humic acids. 

* Clarke, F. W., The data of geochemistry, 3d ed. : U. 8. 
6eol. Survey Bull. 616, p. 32, 1916. 



Van Hise * mentions the common occurrence in 
the soil of certain other organic acids, such as 
crenic, apocrenic, and idmic acids. Inorganic 
acids are present in the soil in small quantities 
and occur more or less locally. The principal 
ones probably are nitrous, nitric, sulphuric, 
and perhaps hydrochloric. Phosphoric and 
silicic acids also are present, but they are not 
important in processes of rock decay. 

The presence of these gases and acids in the 
soil results from two conditions: First, and 
most important, is the decay of organic mat- 
ter, due to bacterial action, and, second, is the 
decoipposition of inorganic material, due to 
chemical agencies, which in part also owe their 
origin to bacterial action. 

Carbon dioxide, which is the most important 
of these agents in the process of rock decay, is 
in part derived from the decomposition of car- 
bonates, due to the action of acids, but mainly 
it i3 derived from the decay of organic carbon 
compounds under the action of various fer- 
menting and decay-producing microorganisms, 
such as bacteria, yeasts, and molds. 

The carbon in animals and plants may be in 
the form of carbohydrates, fats, or proteins. 
Carbohydrates, in whiclv form by far the most 
carbon occurs in nature, are decomposed to car- 
bon dioxide and water by the action of certain 
hydrolytic enzymes, commonly produced by va- 
rious organisms, the decomposition taking 
place in a series of steps as is shown by the fol- 
lowing formulae, which illustrate acetic fer- 
mentation as an example. Decomposition to 
other fatty acids, such as lactic, tartaric, and 
butyric, goes on along similar lines. 

(Starch.) (Double sugar.) 

2C,H,o05 + H,0 = C„H„0„ 

(Single sugars.) 

C„H^O„ + H,0 = C,HyO, + C,II„0, 

(Alcohol.) 

C^„0, = 2C3.0H + 2C0, 

(Acetic aldehyde.) 

CjHjOH + O = C,H,0 + H,0 

(Acetic acid.) 

C,H,0+0 = C2HA 
C^H^Oj •\-A0 = 2C0j + 2H,0 

The change from starch to the double sugars, 
maltose, saccharose, or lactose, is due to the 
action of the enzyme diastase produced by all 
green plants, many molds, and a few bacteria. 
The decomposition from double sugars to single 

* Van Hise, C. R., A treatise on metamorphism : U. S. G«oU 
Survey Mon. 47, pp. 461-^62, 1904. 
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B^iirttrn l« tlno (o tho action of the enzymes mal- 
t«st»» ihVprlRHO, ond lactase, each acting on a spe- 
oIhI n[\it^\\ These three enzymes differ in dis- 
trit>ution but in general are present in green 
plttUtH and in various microorganisms. Single 
iiugars are acted upon directly by fermenting 
enzymes, the change to alcohol being due mainly 
to the action of yeasts, and the further decom- 
position of alcohol to fatty acids and carbon 
dioside taking place under the action of bac- 
teria and molds. The principal acids formed 
in this manner in the soil are butyric, propi- 
onic, acetic, formic, and lactic acids. The end 
products of the fermentation are large quanti- 
ties of carbon dioxide and water. 

Though these changes are the typical ones 
through which most carbohydrates pass in the 
procc^ss of decomposition, many irregularities 
and variations occur. Cellulose, for example, 
which is probably the most abundant carbohy- 
drate in the sr)il, is decomposed by a special 
group of microorganisms known as cellulose 
fermenters. During the decomposition it may 
b(» changexl directly to fatty acids, or it may 
bn changexl first to sugar and then to different 
gflHeH, Hiich as methane, hydrogen, and carbon 
dioxide. 

The carbon in fats and proteins also suffers 
the change to fatty acids and carbon dioxide. 
The decomposition of the proteins, however, 
U very complex, and many little known com- 
fioundB, including those of nitrogen, sulphur, 
and phosphorus, are formed during the process. 

The carbonaceous material that 'resists de- 
composition by fermenting and decay-produc- 
ing microorganisms collects in the soil in the 
form of humus. Humus consists mainly of 
cellulose, which is the most difficult of the dif- 
ferent forms of organic carbon to decompose. 
The further decomposition of humus goes on 
very gradually, and during the process the dif- 
ferent gases and organic acids already men- 
tioned are produced, as well as humic acids. 
llie composition of humic acids is not well 
understood, but it is now supposed that they 
are colloidal mixtures of various complex or- 
ganic acids or of their acid salts.* Humus, 
therefore, acts as a constant source of soil acids 
and gases. Huniic acids and their acid salts 
^hiimateft) may be so abundant as to cause 
ni'n\Uy of the w>il in places where bases are not 

• tSvfnnn, J. 0„ MU^ohMoity of »oI1, in MaruhairB Mlcro- 
^^^r, p, 2C0, 1912. 



present in sufficient quantity to neutralize the 
acids produced. 

Inorganic acids in the soil are in part de- 
rived from the decomposition of certain min- 
erals, such as sulphides, sulphates, and chlo- 
rides, and when so derived are local in their 
occurrence. Nitrous and sulphuric acids, how- 
ever, are produced also during certain very 
important soil processes known as nitrification 
and sulphur oxidation. 

The nitrogen content of proteins, urea, and 
other nitrogenous organic compounds is 
changed during decomposition by ammonify- 
ing bacteria into the form of ammonia (NH,). 
The ammonia is acted upon by nitrifying bac- 
teria, and the nitrogen is oxidized first to the 
nitrous and then to the nitric form. During 
the first part of the process nitrous acid is 
formed from ammonia, and this immediately 
reacts upon bases present in the soil to form 
nitrites, which are then oxidized to nitrates. 
Thus the nitrogen, and the bases with which it 
combines, were first present in a relatively in- 
soluble form and have been changed by bac- 
terial action to soluble nitrates, in this manner 
hastening rock decomposition. 

Sulphur oxidation in general is very similar 
to nitrification. During the putrefaction and 
decay of sulphur-containing organic matter by 
ordinary putrefying bacteria, sulphur is liber- 
ated in the form of hydrogen sulphide (H^S). 
This gas is oxidized by a special group of bac- 
teria, the sulphur bacteria, first into free sul- 
phur and then into sulphuric acid. The sul- 
phuric acid immediately reacts upon the bases 
present to form sulphates, which for the most 
part are more or less soluble. 

Thus it is clear that processes of bacterial de- 
composition are of unusual importance in pro- 
moting rock decay. They not only result in the 
formation of most of the carbon dioxide pro- 
duced in the soil but also of many organic and 
a few inorganic acids, which locally become of 
importance in promoting decomposition. 

.By far the most abundant of the acids in the 
soil is carbonic acid or carbon dioxide. Al- 
though relatively weak, its abundance and con- 
tinued action cause most metals, including 
iron, to be taken into solution in the form of 
carbonatea Nearly all ferrous compounds, but 
especially ferrous carbonate, are readily acted 
upon by carbonic acid dissolved in meteoric 
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water, are taken into solution in the form of 
carbonate or bicarbonate, and are carried thus 
as long as the waters contain an excess of car- 
bon dioxide in solution. Moody ^ says that car- 
bonic acid exerts a greater corrosive influence 
on iron than equivalent amounts of hydro- 
chloric or sulphuric acids. Some compounds 
of iron, however, especially ferric oxide, 
are practically insoluble in waters that carry 
only carbon dioxide, and in the solution of 
these compounds various other soil acids and 
decaying organic matter become effective. 
There is little doubt, therefore, that all iron 
compounds, even the most insoluble, such as 
ferric oxide, are acted upon to some extent by 
soil waters, especially if decaying organic mat- 
ter is present. The intensity of the action dif- 
fers in different places according to the compo- 
sition of the water, and this depends more or 
less upon the character of the soil or rocks 
through which the water passes and upon the 
presence of vegetation. The influence of rock 
composition is well illustrated by certain rocks 
which are rich in ferric oxide and contain lo- 
cally particles or bunches of sulphide of iron. 
In the neighborhood of the decomposing iron 
sulphide the ferric oxide is commonly reduced, 
by the liberated sulphuric acid, to the ferrous 
form, which is indicated by a change in color 
from yellow or red to white or green. The in- 
fluence of vegetation is shown in some bog 
limonite deposits, where in places near abun- 
dant decomposing organic matter, such as rot- 
ting logs, the yellow bog scum is often bleached 
to a white or green color. This reduction is 
probably in part due to organic acids, which 
are abimdant under these conditions, and in 
part to the action of decomposing organic mat- 
ter, which requires oxygen and takes some of it 
from the ferric oxide. Kindler,^ as early as 
1836, called attention to the fact that decaying 
vegetable matter has a marked effect on the 
solubility of ferric hydroxide. He noticed that 
ferruginous quartzose sand was rendered color- 
less around decaying roots and in a few 
months became as white as if it had been 
treated by an acid. A root one-sixth of an 
inch in diameter, upon decaying, whitened the 
sand to a distance of 1 to 2 inches around it. 
This action is ascribed to organic acids pro- 

* Moody. G. T., The rusting of iron : Chem. Soc. Jour., vol. 
89, pp. 720 et seq., 1006. 

* Pojcgendorff's Anualen, Band 87, p. 208, 1886. 



duced during the decay. Ferric hydroxides are 
in this manner reduced to the protoxide, which 
at the same time combines with carbon dioxide 
to form carbonate. Iron carbonate becomes 
soluble and remains in solution in the presence 
of excess carbon dioidde. 

The decomposition of iron sulphides, which 
is caused principally by partial oxidation, 
probably results in the formation of soluble 
ferrous and ferric sulphates. These sulphates 
may be carried in solution for some time if 
conditions are favorable. They are not very 
stable, however, and upon further oxidation 
and hydrolysis for the ferrous or simple hy- 
drolysis for the ferric sulphate, they readily 
change to ferric hydroxide or to insoluble basic 
ferric sulphates. 

According to the extent to which organic 
acids are present iron may be carried in solu- 
tion as salts of these acids. It is not impos- 
sible that such organic salts as iron formate, 
iron butyrate, iron lactate, or iron citrate may 
occur in iron-bearing waters. Aschan* is of 
the opinion that great quantities of iron are 
carried in solution as soluble ferrohumates and 
ferrihumates and that humus compounds are 
largely instrumental in the formation of bog 
iron ore deposits, being active both in the solu- 
tion of iron compounds and in their subsequent 
precipitation. He believes that the dark color 
of streams that pass through regions of abun- 
dant vegetation is largely due to the presence 
of humus compounds. 

Once' the iron is reduced to a form in which 
it is soluble in water it may be taken into solu- 
tion and carried a greater or less distance de- 
pending upon the change in composition suf- 
fered by the water. It is generally supposed, 
probably with sufficient reason, that iron is 
carried in solution mainly as ferrous bicar- 
bonate and is kept in solution as long as the 
waters retain an abundance of carbon dioxide. 
Among the iron-bearing waters analyzed many 
have been found which contain no sulphate 
or other acid radicle besides the carbonate, 
thus showing conclusively that at least in 
these waters iron was carried as the soluble 
carbonate. It is quite possible, however, 
that iron is carried to some extent also in 
other forms, perhaps as ferrous or ferric 

* AHcban, Ossian, Die Bodeutung der wasserldsUchen Ha- 
musstoffe ftir die Blldung der See und Sumpfcrze : Zeitscbr. 
prakt Geologic, Jahrg. 15, p. 56, 1007. 
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sulphate or as compounds of some of the 
organic acids. 

Tlie waters of many streams, springs, and 
lakes contain much iron in solution, as has 
been shown by analysis, by the fact that floccii- 
lent precipitates of ferric hydroxides occur in 
them, that iridescent films of limooite form 
on their surface, and by the fact that ob- 
jects with which they come in contact com- 
monly become coated with Hmonite. Thus, 
although it is undoubtedly true that ferric 
oxide, which is soluble with great difficulty, 
forms in abundance by the oxidation of other 
iron compounds and along with alumina 
and other insoluble substances becomes con- 
certrHted in residual soils, still it is certain 
that acids capable of ' taking and retaining 
iron salts in solution are abundantly present 
in soil waters and a large amount of iron is 
undoubtedly carried away by surface waters 
and redeposited elsewhere. 

TYPES OF SEDIMENTARY IROS ORES AND IRON 
FOBHATION8. 

OXKZBAL rEATTSEa 

Iron may be precipitated from natural so- 
lutions under ordinary conditions of sedimen- 
tation either by chemical or by biologic agen- 
cies. The precipitates may occur in any one 
of the following forms: Ferric hydroxides- 
ferrous carbonate, hydrous ferrous and ferric 
silicates of several kinds, iron phosphates, 
basic ferric sulphate.s, ferrous sulphide, and 
perhaps iron disulphide. 

In the formation and accumulation of de- 
posits of ferric hydroxide biologic agencies 
play a most important part, though chemical 
action is undoubtedly of great importance as 
well. Iron sulphide also may be formed either 
chemically or by the action of microorganisms. 
Ferrous carbonate and iron silicates, however, 
are not definitely known to be precipitated by 
organisms. They are probably chemical pre- 
cipitates, the presence of organic matter being 
commonly an imiwrtant factor in their forma- 
Iron phosphates and basic ferric sui- 
ts are chemical precipitates, 
in may be precipitated under many condi- 
. Usually it is taken into solution by 
id waters that contain carbon dioxide in 
passage through soil and rock, and in 
ra) it remains in solution as long as the 



water retains an excess of carbon dioxide. 
Under ordinary conditions ground waters lose 
their carbon dioxide and become saturated 
with oxygen soon after they reai-h the surface, 
and the iron is deposited as ferric hydroxide. 
Iron bacteria are nearly always present under 
these conditions and not only aid in the pre- 
cipitation but play an important part in the 
accumulation of the precipitated material. If 
the iron-bearing waters rea^h the surface in 
localities where abundant vegetation and de- 
caying organic matter are present they may 
not become saturated with oxygen, but the 
solvent carbon dioxide may be taken up by the 
growing plants. In such localities the iron is 
precipitated as ferrous carbonate. If alkaline 
silicates are abundant in the water ferrous sili- 
cates may be formed. If phosphorus is present 
it is usually precipitated with the iron. 

In localities where conditions arc such that 
the iron is not chemically oxidized, when the 
iron-bearing waters come to the surface and 
when carbon dioxide is formed in sufficient 
abundance to retain the iron in solution, iron 
bacteria may be the agency in precipitation. 
Such conditions probably exist to stHue extent 
also in larger underground openings, such as 
caves and fissures, and under these circum- 
stances certain subsurface concentration de- 
posits of brown iron ore may be formed. When 
iron is carried in solution in the form of solu- 
ble humates or other salts of organic acids, 
iron-precipitating bacteria may also play an 
important part in its deposition. 

The accumulation of iron precipitates usu- 
ally takes place in quiet waters, such as bogs, 
marshes, lakes, and lagoons. Often, however, 
deposition occurs where iron-bearing waters 
issue from the ground and where they usually 
flow quite rapidly in little streams and rivu- 
lets. Some of the iron precipitated under this 
condition is doubtless carried along mechani- 
cally as little flocculeut masses and is finally 
deposited in quiet water, where it may accu- 
nmlate. Much of it, however, is doubtless lost 
in the mass of other sediments, so that only a 
relatively small proportion of the iron dis- 
solved and carried in solution by ground waters 
is actually accumulated in the form of iron- 
ore deposits. 

Sedimentary iron ores and iron ores derived 
directly from iron-bearing sediments by con- 
centration are of great importance c<Hnmer- 



GEOLOGIC IMPORTANiiE OF IBON-DEPOSITING BACTERIA. 



49 



cially. Deposits of this nature occur on nearly 
all the continents, and probably more than 90 
per cent of the iron ore that is being produced 
at the present time is of thi^ type. Such ores 
consist of hematite, limonite, or iron carbonate, 
the first two being by far the most important. 

DEPOSITS OBIOUTALLT LAID DOWH XAIHLT AS YE&BIO 

HTDBOZIDE. 

Ferric hydroxides or hydrated ferric oxides 
are probably the most important iron com- 
pounds that play a part in processes of sedi- 
mentation. The following table shows the 
composition of anhydrous ferric oxide and of 
the ferric hydroxides which are known to oc- 
cur in nature : 

Chemical composition of ferric oxide and the ferric 
hydroxides thai occur in nature. 



H,0 



Hematite (Fe,0 
Turgite (2F 
Goethite (Fco 

Limonite (2Fe30..3HaO) 

Xanthoeiderite (FeaOa.2H20) 
limnite (FeaOg.SHjO) 




Fe 





70.0 


30.0 


66.3 


28.4 


62.9 


27.0 


59.8 


25.7 


57.1 


24.5 


52.3 


22.4 



0.0 
5.3 
10.1 
14.5 
18.4 
25.3 



Most of the deposits of bedded hematite, as 
well as deposits of bog ore and beds of brown 
iron ore, were probably originally laid down 
in the form of limonite, associated with other 
ferric hydroxides and ferrous carbonate and 
locally accompanied by minor quantities of 
other iron compounds, such as phosphate, 
silicates, or sulphide. The ferric hydroxides 
that are probably most abimdantly associated 
with limonite in freshly deposited iron sedi- 
ments are xanthosiderite and limnite, both of 
which have been found in bog ores of recent 
origin which also carry impurities such as or- 
ganic acids, phosphoric acid, and clastic mate- 
rial. In older iron-ore beds the hydroxides 
that contain less water appedr to be more com- 
monly associated with limonite, and in many 
of them only slightly hydrated hematite is the 
most important constituent. Deposits which 
are compo.sed mainly of a mixture of various 
ferric hydroxides are commonly known as 
limonite or brown iron ore deposits. 

Hematite and limonite of sedimentary origin 
are distributed in many parts of the world, and 
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one or both of them occur in many important 
iron-ore deposits and iron-bearing formations. 
Among deposits which are formed wholly or 
in part 6y ferric oxide or hydroxide of origi- 
nal sedimentary origin are the Clinton hema- 
tite beds of the eastern United States, the Wa- 
bana iron-ore beds of Newfoundland, the iron- 
bearing formation of the Lake Superior region, 
the hematitic quartzite and associated bedded 
hematite of Minas Geraes, Brazil, the banded 
jasper and associated hematite of India, the 
extensive Jurassic oolitic limonite ores of Lor- 
raine and Luxembourg, and the widely dis- 
tributed bog and lake ores. 

Beds and lenses of iron ore of Clinton (Si- 
lurian) age occur in many parts of the Appa- 
lachian region in eastern United States, extend- 
ing from New York as far south as Alabama.* 
The ores are interbedded with shale and sand- 
stone. In some places only one bed is found, 
but in other places three or four beds occur 
one above the other and separated from each 
other by clastic sediments. In many places 
lenses of clastic material occur within iron-ore 
beds. The iron-ore layers themselves range in 
thickness from a few inches to 40 feet, and 
single beds may extend along the strike of the 
rocks for many miles. As most of them occur 
in a region of folded rocks they have attitudes 
ranging from horizontal to vertical. 

The Clinton ore beds are composed princi- 
pally of three classes of ore — (1) oolitic, (2) 
fossil, and (3) finely granular or textureless 
ore. By far the larger part of the ore beds is 
formed by oolites, but locally fossils are very 
abundant in the ore beds, and in places may 
even form the principal part of them. Finely 
granular material is nearly everywhere pres- 
ent in small amount, and in places forms defi- 
nite lenses within the oolitic or fossiliferous 
material. Locally ferruginous pebbles occur 
near the base of the ore beds. 

The ore is mainly ferric oxide and contains 
calcium carbonate and silica as impurities. 

iBurchard, B. F., Butts, Charles, and Eckel, B. C, Iron 
ores, fuels, and fluxes of the Birmingham district, Ala. : 
U. S. Geol. Survey Bull. 400, 1910. 

Burchard, E. F., Preliminary report on the red iron ores 
of east Tennessee, northeast Alabama, and northwest 
Georgia : U. S. Geol. Survey Bull. 540, pp. 279-328, 1914 ; 
The red iron ores of Tennessee : Tennessee Geol. Survey Bull. 
16, 1913. 

Newland, D. II.. and Ilartnagel, C. A., Iron ores of the 
Clinton formation in New York : New York State Mus. Bull. 
123, 1908. 
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The water content of the hard ore which has 
not suffered surface weathering is remarkably 
low, being on the average only about 0.5 per 
cent. Even in the weathered surface ore the 
water content averages only from 2 to 3 per 
cent. Boughly the composition of the hard 
unweathere<l ore is as follows : 

CampoHtion of hard untceathercd Clinton iron ore, 

Fe/). 52 

CaCa 84 

Sid 10 

AlaC 8.5 

H^ .5 

Upon weathering the calcium carbonate is re- 
moved, causing a proportionate increase of the 
remaining constituents and commonly increas- 
ing the ferric oxide content to 70 per cent 
There is an increase in water in the weathered 
ore because of hydration. 

The spherules in the Clinton oolitic ore on 
being examined microscopically are seen to 
consist of a nucleus of quartz or shell frag- 
ment around which are concentric alternate 
layers of hematite and silica or of hematite 
and calcite. Many spherules contain a green 
mineral, supposed to be an iron silicate, in the 
center. The matrix separating the spherules 
is largely calcite and detrital quartz. 

Three principal hypotheses have been offered 
for the origin of the Clinton iron ore. The one 
most generally accepted is that the beds were 
originally laid down, together with the inclos- 
ing rocks, in much the same form in which 
they now occur.^ The iron is supposed to have 
been precipitated as ferric hydroxide and later, 
owing to compression, to have been dehy- 
drated. The ^oolites were probably formed im- 
mediately after deposition, while the ferric 
hydroxide was still in a flocculent form. The 
replacement of much of the calcium carbonate 
in the fossils present is believed to have taken 
place during the deposition. The second hy- 
pothesis is that the present hematite layers rep- 
resent original beds of limestone, which have 
been replaced at some later period by iron 
brought in by percolating waters. By this 
hypothesis it is difficult to explain the regular- 
itv of the beds as well as the absence of similar 

» Smyth, C. II., Jr., On the Clinton iron ore : Am. Jour. 
Bel., 3d ler., vol. 43, p. 487. 1802. 



replacement phenomena with reference to other 
limestone beds in the region. According to the 
third hypothesis* the (h^ beds were originally 
laid down as glauconite, which was subse^ 
quently leached of some of its impurities and 
oxidized to hematite. As evidence is given the 
fact that unaltered remnants of a green min- 
eral, supposed to be an iron silicate, occur in 
some of the spherules composing the oolitic ore. 

The Wabana iron ore* is found in beds* 
which outcrop on Bell Island in Conception 
Bay in the eastern part of Newfoundland. The 
beds dip northwestward underneath the waters 
of the bay at angles that range from 8^ to 10^. 
Many individual beds range in thickness from 
mere seams to 30 feet or more. They are scat- 
tered through about 1,000 feet of strata, but 
they are more or less grouped into zones which 
are separated by zones of barren rock. The 
thickest one of the barren zones is 600 feet in 
thickness. Though the individual ore layers 
differ in thickness from place to place, the ore 
zones are very continuous. The inclosing rock3 
are indurated sandstones, shales, and slates of 
Arenig to Llandeilo age (Ordovician). 

The principal ore mineral is hematite, with 
which chamosite, an aluminous ferrous silicate, 
is abundantly associated. Siderite forms a 
considerable proportion of the ore beds locally 
and quartz occurs as detrital fragments. Fos- 
sil fragments of shells, mainly brachiopods, 
consisting of calcium phosphate, occur through- 
out the ore and tubes of boring algae are very 
abundant 

The great mass of the ore has an oolitic tex- 
ture, being composed of fine spherules of 
mixed hematite and chamosite, generally 
somewhat flattened parallel to the bedding. 
Microscopically the individual spherules are 
seen to consist of alternate layers of hematite 
and chamosite arranged concentrically about a 
center which may be detrital quartz, a shell 
fragment, or chamosite. Locally the spherules 
may consist almost entirely of chamosite and 
elsewhere of hematite. The matrix between 
the spherules is generally chamosite, but hema- 
tite, quartz, or siderite may replace it in part 
or entirely. 



« McCallle. S. W., Report on the fossil Iron ores of Georgia : 
Georgia Geol. Survey Bull. 17, 1908. 

» Hayes, A. D., Wabana Iron ores of Newfoundland : Can- 
ada Geol. Survey, Dept Mines, Mem. 78, 1915. 
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The range in composition of the Wabana 
iron ores is as follows : 

Mineral composition of Wabana iron ores. 

Per cent. 

Hematite 50-70 

Ohamosite 15-25 

SIderite ^ 0-50 

Calcium phosphate 4-5 

Quartz 0-10 

Caldte 0-1 

In contrast to the Clinton ores and to the 
oolitic limonito of northern France and south- 
ern Grennany described later, these ores con- 
tain little or no calcium carbonate but instead 
contain abundant calciimi phosphate. 

The ores are supposed to be primary bedded 
deposits, originally laid down with the inclos- 
ing clastic sediments in much the same form 
in which they occur now, the hematite and 
ohamosite being deposited at the same time 
but perhaps under slightly different condi- 
tions. The spherules are supposed to have re- 
sulted from the action of surface tension on the 
fine unconsolidated sediments. Boring algae 
presumably played an important part in the 
ore formation. Tubes of these organisms pene- 
trate both spherules and matrix and seem to 
have thrived during the ore deposition. It is 
thought that they may be responsible for part 
of the oxidation to hematite. 

In the Lake Superior region extensive beds 
of iron-bearing formation of pre-Cambrian age 
* are found, interlayered with metamorphosed 
clastic sediments such as slate and quartzite 
and with volcanic flow3.^ The beds have a 
maximum thickness of 1,000 feet or more and 
in places are known to be continuous along the 
strike for more than 200 miles. The iron-bear- 
ing formation as exposed consists mainly of 
hematitic and limonitic chert and slate and 
iron ore. These rocks in many places grade 
downward at different depths along the bed- 
ding into sideritic chert and slate, or into 
greenalite rock, a ferrous silicate rock. Meta- 
morphosed phases of the various types of the 
iron-bearing formations which have been 
altered by igneous intrusions or regional def- 
ormation occur locally. 

The hematitic and limonitic chert and slate 
were probably derived mainly by oxidation 

iVan Hise, C. R., and Leith, O. K., The peolopry of the 
Lake Superior region: U. S. Geol. Survey Men. 52, 1911. 



from the sideritic chert and ferrous silicate 
rock, and the iron ore is believed to have been 
derived from the hematitic and limonitic chert 
by the leaching and removal of silica under the 
influence of meteoric waters. The iron-bearing 
formation was, therefore, for the most part 
laid down originally as sediments that consoli- 
dated into sideritic chert, sideritic slate, and 
greenalite rock. In association with these 
rocks, however, there were locally deposited 
beds and lenses of original ferric oxide or hy- 
drated ferric oxide and silica which upon con- 
solidation formed a rock very similar in all 
respects to the hematitic and limonitic chert 
formed by the secondary alteration of the 
sideritic chert and greenalite rock. In places 
layers of original relatively pure hematite ore 
are found with these beds, which in their char- 
acter and manner of origin probably resemble 
the Clinton and Wabana iron ores. 

In the State of Minas Geraes, in southeastern 
Brazil, there are extensive beds of so-called 
"itabirite," an iron oxide bearing quartzite, 
that contains intercalated beds and lenses of 
ferruginous schist and of pure hematite.* The 
itabirite in general is a thinly laminated rock 
that consists of alternating layers of quartz sand 
and iron oxide. In places, however, these two 
constituents are irregularly intermixed, forming 
a granular rock. The itabirite and associated 
iron ore and schist are interbedded with meta- 
morphosed sedimentary rocks of probable pre- 
Cambrian age. The iron-bearing formation 
varies greatly in thickness, being lesg than 20 
feet thick in. some parts of the region and more 
than 4,000 feet thick in other parts. It is im- 
derlain by a great thickness of sericitic quartz- 
ite which in turn overlies granite and gneiss. 
At the contact of the iron-bearing formation 
and quartzite is a thin layer of argillaceous 
schist Above the iron-bearing formation is 
a schist bed of great thickness, which in the 
upper part becomes quartzitic. In the lower 
part of this schist are local beds and lenses of 
limestone and itabirite. In places beds of man- 
ganese ore also occur near the contact of the 



*LeIth, C. K., and Harder, B. C, The hematite ores of 
Brazil and a comparison with the hematite ores of Lake Su- 
perior : Econ. Geology, voi. 6, pp. 670-686, 1911. 

Harder, E, C. The " itabirite " iron ores of Brazil : Econ. 
Geology, vol. 9, pp. 101-111, 1914. 

Harder, E. C, and Chamberlln, R. T., The geology of cen- 
tral Minas Geraes, Brazil: Jour. Geology, vol. 23, pp. 341- 
378, 385-424, 1915. 
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iron-bearing formation and the overlying 
schist. 

The iron content of the itabirite in general 
ranges between 30 and 50 per cent, and the in- 
terlayered iron ores range from 50 to 70 
per cent in metallic iron. In fact the itabir- 
ite, with diminishing quartz, grades into iron 
ore. Both hard and soft ores occur, the former 
being of very high grade and commonly aver- 
aging 69 to 70 per cent metallic iron and 
less than 0.02 per cent phosphorus for an 
entire deposit High-grade hard -ore beds 
have a maximum thickness of 750 feet and a 
maximum length of 4,000 feet, but the lower 
grade soft ores form deposits several thousand 
feet in thickness and more than 2 miles in 
length. 

The iron ores and associated itabirite and 
schist are believed to be primary sediments. 
The iron was probably deposited as ferric hy- 
droxide by chemical and biological agencies 
at the same time as the associated clastic 
material. 

The Archean rocks of British India consist 
of a basement of gneisses and crystalline 
schists. These are overlain by what is known 
as the Dhdrwar series of metamorphosed sedi- 
ments, consisting of conglomerate, quartzite, 
slate, phyllite, crystalline limestone, and differ- 
ent kinds of schist. Both of these series have 
suffered deformation and have been intruded 
by granitic and other rocks. The Dhdrwar 
series locally contains beds of iron-bearing 
rocks, such as banded hematitic and magnetitic 
jaspers and ferruginous quartzites and schists 
associated with beds and lenses of pure iron 
ore,* Scattered areas of Dhdrwar rocks oc- 
cur in many parts of the peninsula of India, 
and iron-ore deposits are foimd in them both 
in the north and south. 

The iron-ore deposits range in size from 
mere seams to great tabular lenses, some of the 
largest of which are 300 feet in thickness and 
cover many acres. The ore is generally hard 
and massive, but locally where associated with 
slate or phyllite it is soft, laminated, and 
schistose. It consists of a mixture of hema- 
tite and magnetite and contains as impurities 



* Weld. O. M., Tbe ancient i»edlmentary Iron ores of British 
India: Kcon. iieology, vol. 10, pp. 4.*i5-4r»2, 1!»15. i 

HolIaDd. T. H.. Geology of the noljrhborhood of Salem, 
Madras Presidency : GeoL Survey India Mem. 30, pt, 2, pp. 
103-168. 1901. 



quartz and chlorite or pale-green amphibole 
(griinerite). Some of the ore ccmtains as 
much as 68 per cent metallic iron and only 
about 2 or 3 per cent of impurities. As silica 
and amphibole increase the ore grades into 
hematitic and magnetitic quartzite and jasper. 

The ores are supposed to be original sedi- 
ments that were precipitated chemically as 
ferric hydroxide and later metamorphosed to 
their present form. 

Beds of siliceous iron ore and associated fer- 
ruginous rocks similar to those of Brazil and 
India occur in Dunderland, in the northern 
part of Norway. 

Jurassic limonite, or "minette" ore, is of 
widespread distribution in northern France 
and southern Germany, and is of great impor- 
tance commercially.* The ore occurs as lentic- 
ular beds interlayered with shale, sandstone, 
and marl of Middle Jurassic (Dogger) age, not 
far above the imderlying Lias marls. The 
seven principal ore beds vary in thickness, the 
maximum being 20 feet, and occur within a 
vertical distance of 75 to 150 feet They are 
separated from one another by beds of marl 
and limestone. The sedim^itary beds are 
nearly horizontal but have a very gentle dip 
to the west, and the iron-ore layers conform in 
structure with the sediments. 

The ore beds consist mainly of oolitic limo- 
nite, soft and earthy, different beds having dif- 
ferent colors, such as gray, brown, red, green, 
and yellow. With the limonite occur some cal- 
cite, sid^te, secondary magnetite, and iron 
silicates, mainly glauconite, but berthierine, 
chamosite, and thuringite also have been found. 
The spherules that make up the oolitic ore are 
about the size and shape of millet seed or 
smaller, and consist of ferric hydroxide with a 
skeleton of silica. They are cemented by silica, 
lime, and clav shale. 

^Elnecke, G,, and KShler, W., Die Etaraenronlte des 
Dentschen Relcbes : The Iron-ore resoorcea of the world, 
p. 670, Stockholm Interna t Cong. Gtol.» 1910. 

Dondelinger, V. M., Die Mlnette Im Grogshe ra u gtum Lox- 
emburg: Idem. p. 43. 

Nlcoo. L., Lee ressoorces de la Prance en minerals de 
fer : Idem, p. 3. 

Cayeuz, L., Les minerals de fer oOlithlque de France, 1009. 

Kohlmann, W., Die Mlnettenablagemngen de« lothring- 
Ischon Jura: Stahl und Eisen, 1902, pp. 493-503; 554-570. 
1273-1287, 1340-13.%7. 

Van Werwecke, L., Bemerknng ueber die Zusammcnset- 
znng and Entstehung der lothringiacfa-lnxemborgiacfaen 
oollthl«?chen Eisenene : Zeitschr. prakt. Geolojrie, 1901. p. 
r>96. 
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The oolitic limonite is of low grade and con- 
tains abundant impurities. The range in com- 
position of ore from different beds is as fol- 
lows: 

Range in composition of Jurassic limonite of France 

and Oermany, 

Per cent. 

Fe 34- 40 

SiO, 7- 16 

AliO, 2- 8 

CaO 6- 10 

P 0.3-0. 7 

COa+HjO 14- 22 

Hypotheses have been offered for the origin 
of the Jurassic limonite similar to those ad- 
vanced for the origin of the Clinton ores. It 
was formerly held that the ores were re- 
placements of oolitic limestone beds, due to 
the action of iron-bearing waters. More re- 
cently, however, hypotheses have been ad- 
vanced claiming that the ores were depos- 
ited as original iron-bearing sediments. Some 
investigators believe that the ore was orig- 
inally deposited as oolitic siderite and that 
it has subsequently been oxidized in large 
part to limonite. Others, who have found 
iron silicates in the ore beds as well as silica 
in the ore spherule^ claim that, in part at least, 
the ore is an alteration product of original iron 
silicates, perhaps glauconite. Still others hold 
that the beds were deposited essentially in their 
present form, mainly as limonite, but with ad- 
mixtures of iron caHbonate and iron silicates. 

Bog iron ore is found in many parts of the 
world. It consists essentially of an earthy yel- 
low to red or dark-brown mixture of ferric 
hydroxides, mainly limonite but with associ- 
ated limnite and xanthosiderite. With these 
hydroxides occur some silicate, sulphate, and 
locally carbonate of iron, besides organic mat- 
ter and clastic material, such as sand and clay. 
Bog iron ore is usually high in phosphorus, 
which is present as the iron phosphate, vivian- 
ite,* and locally wad or bog manganese also is 
an abundant constituent. The organic matter 
consists of humus substances and of plant re- 
mains, such BB leaves and sticks, which may be 
in part or entirely replaced by limonite. 

Bog iron ores are of two kinds — (1) those 
formed in lakes by water currents and known 

*Van Bemmelen. J. M., Hoitsema, C, and Klobble, E. A., 
Ueber das Vorkommen, die ZusammensetzanK and Bildun^ 
yon Elsenanhfinfnngen in und unter Mooren : Zeitschr. anorf?. 
ChomlP, Band 22, pp. 313-379, 1700. 



as lake ores,^ and (2) those formed in place in 
still water and occurring either as surface 
layers lying on soil or below a layer of porous 
surface soil and resting on clayey impervious 
subsoil. 

Lake ores have been described from locali- 
ties in Ontario and Quebec in Canada and 
from the eastern United States, as well as from 
Sweden and other places in northern Europe. 
The Canadian deposits, which are typical, con- 
sist mainly of layers of flat disklike or irregu- 
lar concretions of ferric hydroxide that extend 
along the shores of lakes in which vegetation 
is abundant and into which streams carry 
iron-bearing water. The layers may attain a 
foot or two in thickness and are usually thick- 
est at the water's edge and thin out toward the 
lake, few concretions being found where the 
water is more than 2 feet deep. The concre- 
tions themselves range from less than an inch 
to a foot or more in diameter. They contain 
quartz grains as impurities and are apparently 
formed around sand grains as nuclei by the 
rolling action of waves and currents. In the 
lower portion of such a layer of concretions, 
broken concretions with soft limonite and sand 
usually occur, and with them a green ferrous 
salt, perhaps a silicate or a sulphate, is gener- 
ally found. Locally instead of concretions a 
layer of soft or hard, yellow, porous, bedded 
limonite occurs in the shallow water, and in 
still other places limonite occurs as cement in 
sand. In the deeper water of the lakes into 
which iron-bearing waters flow the distribu- 
tion of the deposits is usually irregular, but 
in many places 6 to 8 feet of ocherous, slimy 
mud occurs at the bottoms of the lakes. Iron 
carbonate is usually absent in lake ore de- 
posits. 

The second type of bog ore usually forms in 
marshes, peat bogs, or other shallow surface 
depressions. These deposits may occur imme- 
diately at the surface but are more commonly 
found below several feet of porous, surface 
soil and in many places are mixed with humus 
or peat. They form horizontal tabular bodies, 
as a rule of .small circumference and of no 
great thickness. Some deposits have a piso- 
litic texture, consisting of small spherules of 

* Moore, E. J., The occurrence nnd origin of Bome bog Iron 
deposits in the district of Thunder Bay, Ontario : Econ. Geol- 
ogy, vo!. 5, pp. 528-537, 1910. 
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porous yellow ocher, the interstices of which 
are filled with hard brownish-black limonite; 
others consist of layers of concretions or nod- 
ules embedded in sand or sandy clay, and 
commonly contain much iron carbonate and 
vivianite; and still others form solid, thin, 
tabular bodies consisting of sand and clay 
impregnated and cemented by limonite. 
TVTiere much peat is present irregular nests of 
bog ore that consist almost entirely of white, 
amorphous iron carbonate are numerous.* 
Such deposits are common in the Netherlands 
and northern Germany. 

Bog iron ores are distributed through many 
parts of the world but are especially abun- 
dant in the glaciated northern regions of 
North America, Europe, and Asia.* In these 
regions percolating waters dissolve iron from 
the glacial drift, where it is abimdantly pres- 
ent as magnetite as well as iron silicates. 
Shaler states that in the glacial drift in New 
England 1 to 3 per cent of magnetite is found. 
The iron may be carried in solution as soluble 
carbonate, as sulphate, or combined with or- 
ganic acids, and may be precipitated chemi- 
cally or biologically. Chemical precipitation 
takes place either by removal of the solvents, 
by reaction with other materials in solution, 
or by oxidation. Biologic precipitation oc- 
curs through the action of microorganisms. 
Deposition usually takes place in small lakes 
or marshes, which are abundant in glaciated 
regions. The form in which the iron is pre- 
cipitated depends on a nimiber of factors, such 
as the form in which the iron is being carried 
in solution, the amount of oxygen present, the 
amount of organic matter present, and the 
presence of other materials in solution. 
Usually the conditions are so varied, however, 
that a mixture of iron salts is deposited, in- 
cluding ferric hydroxides, iron silicates, iron 
phosphate, and in places iron carbonate, iron 
sulphate, or iron sulphide, and perhaps ferri- 
humates or basic ferric salts. The deposition 
is described in more detail on pages 75-82. 

Very few localities are known in which de- 
posits of ferric hydroxide are at present form- 

iVan B«»mmelen. J. M., Hoitsema, C, and Klobble, E. A., 

op. cit. 

»I>ake. C. I^, The formation and dliitributlon of bog iron 
ore depo«lta : Am. Inat. Mln. Eni?. Bull., July. 1915, pp. 1420- 

1436. 

Hhal^r, N. «.. General account of the fresh-water morasses 
of the United States : U. 8. Oeol. Survey Tenth Ann. Bept.. 
pt. 1, p. 305. 1800. 



ing in marine marshes, and it is supposed that 
the salts in solution in sea water interfere with 
the precipitation of ferric hydroxide. How- 
ever, locally on the east coast of Brazil there 
are small areas of Tertiary marine sediments 
in wliich beds of sandy limonite are abundant, 
and in Huelva Bay, on the south coast of 
Spain, limonite is being deposited at present 
from iron-bearing mine waters. The "red 
mud," a terrigenous oceanic deposit which oc- 
curs locally on the borders of the continents in 
place of the more widespread " blue mud," also 
contains considerable ferric hydroxide.* Such 
deposits are forming along the coast of Brazil 
and in the Yellow Sea and are caused by 
abundant ocherous material being brought by 
the rivers to the ocean. Whether the precipi- 
tation of ferric hydroxide in these localities 
occurs in the waters of the rivers before they 
reach the sea or in the marine waters it is not 
possible to say. 

DEPOSITS ORIOIHALLT LAID DOWV XAIHLT AS 
rEBBOUS CABBONATE. 

Probably next in importance to ferric hy- 
droxide as an original iron-bearing sediment is 
ferrous carbonate (FeCOg). This compound 
has a theoretical composition of iron protoxide 
62.1 per cent (Fe 48.2 per cent), and carbon 
dioxide 37.9 per cent. 

Ores originally deposited mainly as iron 
carbonate include the clay ironstones and 
" black band " ores of the " Coal Measures " 
in both the United States and Europe, the 
oolitic siderite of the Jurassic in the Cleveland 
Hills and other parts of England, the cherty 
siderite and much of the hematite in the great 
pre-Cambrian iron-bearing beds of the Lake 
Superior district, and possibly a considerable 
part of the Jurassic oolitic limonite of north- 
em France and southern Germanv alreadv de- 
scribed. Besides these ores there are large de- 
posits of iron carbonate which have usually 
been regarded as originating by the replace- 
ment of limestone but many of which may be 
of primary origin. They include the beds of 
iron carbonate near Bilbao and in southern 
Spain, those of Erzberg in the Styrian Alps, 
and many others of minor importance. 

Ironstone concretions and black-band ores 
of Carboniferous age occur in Ohio, Pennsyl- 

» Murray, J., and HJort. J., The depth of the ocean, pp. 
161 et seq.. 1912. 



GEOLOGIC IMPORTANCE OF IRON-DEPOSITING BACTERIA. 



55 



vania, West Virginia, and elsewhere in the 
eastern United States and also in Great Brit- 
ain and parts of Germany. In the eastern 
United States ores of this nature are found 
principally in strata of lower Pennsylvanian 
age (Pottsville and Allegheny), though scat- 
tered beds occur both above and below this 
horizon. The siderite beds, which vary some- 
what in form and structure, are classed under 
four groups. The most important of these 
groups are the limestone ores, so called be- 
cause they occur at or near the top of lime- 
stone strata. These beds range from a few 
inches to several feet in thickness and have a 
pockety character because of variations in 
thickness in short distances. The ore is dense 
and close-grained and has a gray or bluish- 
gray color. The second type of siderite ore is 
called block ore because it cleaves into blocks 
when mined. These beds are more persistent 
and of more uniform thickness than the beds 
of limestone ore but usually contain a con- 
siderable amoimt of sand as impurity. The 
third group includes the concretionary or kid- 
ney ores. The ironstone concretions, though 
not regularly bedded, occur at definite strati- 
graphic horizons as peculiar rounded masses 
scattered through zones of clay or shale 3 to 6 
feet thick. The fourth group, the black band 
ores, consist of iron carbonate with more or 
• less intermixed bituminous and earthy matter. 
They occur as layers a few inches in thick- 
ness, interbedded with carbonaceous shale in 
zonas 10 to 15 feet in thickness. They are gen- 
erally of higher grade than the other carbon- 
ate ores. Where beds of iron carbonate of 
any of these types are exposed to weathering 
they are altered to limonite for varying dis- 
tances from the outcrop. 

In Great Britain^ three types of ironstone 
are mentioned, of which two are important — 
the black band ores, which are closely asso- 
ciated with coal seams, and the clay-band ores. 
Both types occur as beds or seams, lenslike in 
character and varying from, a few inches to 
several feet in thickness. In central England 
there are a dozen or more important beds of 
black-band and day-band ironstone in the Up- 
per and Lower Coal Measures. The third type 

1 Louis, n.. The Iron resources of the United Kingdom of 
Great Britain and Ireland : The iron-ore resources of the 
world, Cong. g«oL intemat, Stockholm, p. 637, 1910. 



of iron carbonate ore is the nodular ironstone 
that occurs in parts of Ireland. The average 
range in composition of iron carbonate ores of 
the Coal Measures of Great Britain is, iron 
26 to 35 per cent, silica 10 to 20 per cent, and 
phosphorus 0.6 to 1 per cent. 

These sedimentary iron carbonate beds are 
supposed to have been formed by chemical 
precipitation from iron-bearing waters under 
conditions where oxidation could not take 
place. The presence of coal beds and carbona- 
ceous shales in association with the ore indi- 
cates the presence of abundant vegetation at 
the time of deposition. The precipitation of 
iron carbonate probably occurs in shallow la- 
goons or marshes along the sea coast, and is 
due to the absorption by plants of the excess of 
carbon dioxide which held it in solution. Some 
of it may have been precipitated as ferric 
hydroxide, which upon settling to the bottom 
and becoming mixed with decaying organic 
material, was reduced to ferrous carbonate. 
Kidney ores were not originally deposited as 
such, but represent later segregations of iron 
carbonate originally deposited with muds. 

Oolitic siderite beds of Middle and Lower 
Jurassic age * are foimd in the Cleveland Hills 
and in Northamptonshire, Lincolnshire, and 
elsewhere in the eastern part of England. The 
principal beds in the Cleveland Hills occur in 
the Middle Lias (Lower Jurassic), which con- 
sists of about 125 feet of nearly horizontal 
shale, sandstone, and ironstone. Four beds of 
ironstone occur, and these range in thickness 
from 1^ to 12 feet and have a combined aver- 
age thickness of 16 feet. The main seam, 
which ranges in thickness from 6 to 12 feet, 
consists of impure bluish oolitic siderite that 
averages iron 30 to 35 per cent, silica 6 to 12 
per cent, and phosphorus pentoxide (P2O5) 1 
to 3 per cent. 

In Northamptonshire there is only one im- 
portant bed of iron carbonate, which lies at 
the base of the Lower Oolite (Middle Juras- 
sic). Its maximum thickness is 30 feet and 
its average thickness throughout the district 
is about 9 feet. It is siliceous siderite of gray, 
green, or blue color and is oxidized to sandy 
brown or yellow limonite where exposed to 
weathering. The siderite averages in compo- 

> Louis, n., op. clt., p. G30. 
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sition from 30 to 35 per cent of iron, 12 to 14 
per cent of silica, and 0.5 to 1 per cent of 
phosphorus. 

The Lincolnshire ironstone bed occurs in the 
middle of the Lower Lias (Lower Jurassic). 
The thickness ranges from 10 to 25 feet, and 
averages about 12 feet. It lies nearly hori- 
zontal and where known consists mainly of 
calcareous brown hematite, having been oxi- 
dized by weathering agencies. 

The oolitic siderites of England occur at ap- 
proximately the same geologic horizons as the 
oolitic limonites of northern France and south- 
em Germany, and this situation is somewhat 
suggestive of a similar origin. However, the 
Jurassic ores of England are mainly iron car- 
bonate which is altered only at the surface to 
limonite, whereas the ores of France and Ger- 
many, where deep mining has taken place, do 
not seem to alter their character markedly with 
depth. 

Probably the most extensive beds of iron 
carbonate known are those of the Lake Su- 
perior region already mentioned.* Though 
the iron-bearing formation as exposed at pres- 
ent in this region consists almost entirely of 
oxidized rocks, such as hematitic and limonitic 
chert and slate and iron ore, these rocks have 
been found to grade downward into cherty 
iron carbonate and silicate in a sufficient num- 
ber of places to make the phenomenon appear 
fairly general. 

The iron-bearing formation in the Lake Su- 
perior district is associated with basic vol- 
canic rocks of Archean age and "^ith metamor- 
phosed sediments and volcanic rocks of lower, 
middle, and upper Huronian age. The beds 
are of great thickness and longitudinal ex- 
tent, those of the upper Huronian being most 
widespread. Iron-bearing rocks of Archean 

iVan nise, C. R., and Leith, C. K., The geology of the 
Lake Superior region: U. S. Oeol. Survey Mon. 52, 1011. 

Irving, R. D., and Van HIse, C. R., The Penokee iron- 
hearing series of Michigan and Wisconsin : U. 8. Oeol. 
Survey Mon. 10, 1802. 

Van Ilise, C. R., Bayloy, W. S., and Smyth, H. L., The 
Marquette Iron-bearing district of Michigan : U. S. Geol. 
Survey Mon. 28, 1807. 

Clements, J. M., Smyth, H. L., and Bayley, W. 8., The 
Crystal Falls Iron-l>earlng district of Michigan: U. S. Geol. 
Survey Mon. 36, 1800. 

Clements, J. M., The Vermilion iron-bearing district of 
Minnesota : 17. S. Geol. Survey Mon. 45, 1003. 

Bayley, W. S., The Menominee iron-boarlng district of 
Michigan : V. S. Geol. Survey Mon. 46, 1004. 

Harder, E. C, and Johnston, A. W., Preliminary report on 
the geology of east-central Minnesota including the Cuyuna 
iron-ore district : Minnesota GeoL Survey Bull. 15, 1918. 



and lower Huronian age are found only in the 
Vermilion district in northern Minnesota, and 
iron-bearing rocks of middle Huronian age 
are found only in the Marquette district in 
northern Michigan. The upper Huronian 
iron-bearing formation, however, is found 
throughout most of the Lake Superior district. 

The Archean iron-bearing formation is in- 
folded in Keewatin greenstone, the relation 
between them indicating that the iron-bear- 
ing formation is the younger. In places, how- 
ever, bands of the iron-bearing formation are 
interbedded with greenstone flows, indicating 
contemporaneous origin. The lower Huron- 
ian iron-bearing formation lies on conglomer- 
ate and is overlain by slate. It is of little im- 
portance. The middle Huronian iron-bearing 
formation is underlain by slate and overlain 
unconformably by conglomerate and quartzite. 
The upper Huronian iron-bearing formation 
is in general imderlain by quartzite or gray- 
wacke and is overlain by a great thickness of 
quartzose, micaceous, chloritic, and carbona- 
ceous slate with associated basic volcanic rocks. 
Extensive layers and lenses of iron-bearing 
formation entirely inclosed in the slate also 
occur in the upper Huronian, as in the Cuyuna 
and Crystal Falls districts. 

The unaltered beds of the iron-bearing 
formation consist largely of cherty siderite, 
grayish white to gray or greenish gray in 
color. With the cherty siderite are interbed- 
ded, here and there, layers of sideritic slate 
of grayish or greenish color. The cherty sider- 
ite in detail consists of interlaminated dense, 
fine-grained chert and siderite, usually in very 
thin layers. The average composition of 
cherty siderite is, iron 25 per cent and silica 40 
per cent. 

In their general occurrence and their rela- 
tion to the inclosing sediments the Lake Su- 
perior cherty and slaty siderite beds resemble 
other sedimentary iron carbonates. Because of 
this general similarity they were formerly re- 
garded as having the same origin. More re- 
cently, however, on account of their great thick- 
ness and their conspicuous association with 
basic volcanic rocks, a hypothesis has been ad- 
vanced that ascribes their origin, at least in 
part, to igneous agencies.* The iron is sup- 
posed to have been derived from basic igneous 

* Van Hise, C. R., and Leith, C. K., op. cit, pp. 490 et seq. 
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rocks, the eruption of which occurred at ap- 
proximately the same time as the formation of 
the iron-bearing sediments. These eruptive 
rocks, which are rich in iron, are now repre- 
sented by greenstones, which occur at various 
horizons from the Archean to the upper Hu- 
ronian. The iron, according to Van Hise 
and Leith, may have been derived from the 
eruptives in three ways: (1) A part may have 
been derived through processes of weathering 
from lavas extruded on land areas. (2) An- 
other part may have been given off by reactions 
between sea water and hot subaqueous erup- 
tive rocks. (3) Most of it, however, probably 
came from hot magmatic solutions that were 
squeezed out of the lavas during solidification. 

The precipitation of the iron carbonate and 
silicate from solution is believed to have been 
the result of simple chemical reactions between 
ferrous solutions, alkaline silicates, and car- 
bon dioxide. The deposition of the iron-bear- 
ing sediments took place in marine waters, the 
ferruginous materials being distributed over 
large areas by currents. The conditions of 
deposition differed considerably in different 
parts of the district and in the different epochs, 
causing a great diversity in the occurrence of 
the iron-bearing sediments. 

The iron carbonate deposits of Bilbao, in 
northern Spain, are scattered over an area 
about 30 kilometers in length and 2 to 8 kilo- 
meters in widths They occur as irregular 
tabular masses in the upper part of a thick 
Cretaceous limestone overlain by calcareous 
shale. The masses are said to have a maxi- 
mum thickness of 100 feet. Along the out- 
crop and for some distance in from the sur- 
face they are altered to hematite and limonite. 

The iron carbonate is supposed to have been 
formed by the replacement of limestone by 
iron-bearing waters that percolated downward 
from the overlying shale. Their tabular shape 
and vtheir occurrence at a definite horizon. 

^ Vldal, L. M., R^umtf dea dements de fer de TEflpagne : 
The iron ore resources of the world, Con. g4ol. internet., 
Stockholm, p. 49, 1910. 

Adams, F. D., Notes on the Iron-ore deposits of Bilbao, 
northern Spain : Canadian Min. Inst. Jour., vol. 4, pp. 196- 
204, 1901. 

Czysxkowski, M. S., Exploration g^logique de la region 
ferriffrre de Bilbao-Somorrostro, 1879. 

John, Die Eisenerslagerstiltten von Bilbao and ihrer 
Bedeutung ftir die zukdnftige Eisenversorgung Grossbritan- 
niens und Deutschlands : Glflckauf, yoL 46, pp. 2002-2013, 
2045-2052, 1910. 



however, suggest the possibility of their direct 
sedimentary origin. 

The iron carbonate ore in northern Styria 
occurs in the so-called "graywacke zone," a 
complex of Paleozoic rocks lying between the 
granite, schist, and gneiss of the central part 
of the eastern Alps and the Triassic sediments 
of the northern part.* It is found over an area 
about 50 kilometers in length, east and west, as 
scattered deposits.* The principal ore bed oc- 
curs at Erzberg and has a maximum thickness 
of 126 meters. Underlying it unconformably 
is the Sauberg limestone of Lower Devonian 
age, which consists of interlayered limestone 
and ankerite. The ankerite commonly passes 
over into siderite. Between the main ore bed 
and the limestone is a thin bed of dark seri- 
citic schist. Overlying the ore bed unconform- 
ably are Lower Triassic rocks, which consist 
of first a conglomerate and then a grayish- 
green sandstone, which passes upward into red 
Werfener slates. The ore bed itself consists of 
dense fine-grained siderite and here and there 
contains more coarsely crystalline siderite 
along fissures and fractures. Local inter- 
bedded layers of shale and limestone are found 
in it. 

The generally accepted hypothesis for the 
origin of this ore is that it was formed by the 
metasomatic replacement of limestone by iron 
brought in by percolating waters. The chief 
evidence cited is that small siderite deposits 
are irregularly distributed in the Sauberg lime- 
stone and that sulphides occur in the ore beds. 
However, the well-developed bedding of the 
iron carbonate and the fact that fragments of 
ore occur in the basal Triassic conglomerate 
above the ore bed would indicate that at least 
the principal ore bed is of sedimentary origin,* 
though the siderite in the Sauberg limestone 
may be a later replacement. 

DEPOSITS ORIOnrALLY LAID DOWN MAIHLT AS IBOS 

8ILI0ATE8. 

Iron silicates of several kinds occur as sedi- 
ments, the most widespread probably being 
glauconite. This mineral has . no definite 

'Sineewald, J. T., jr.. The Eraberg in Styria: Eng. and 
Min. Jour., yoL 92, p. 22, 1911. 

* Uhlig, v.. Die EisenerzYorrftte Oesterreichs : The iron-ore 
resources of the world, Cong. g^I. intemat., Stockholm, p. 
143, 1910. 
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chemical composition bat is essentially a hy- [ 
drous silicate of iron and potassimn with some 
alumina. When pure it probably has ap- 
proximately the composition represented by 
tlic formula Fe"'KSi20g.aq.* Alumina may 
replace a part of the iron. The iron is 
largely in the ferric form^ but a variable 
tlKjugh small amount of ferrous iron is always 
present. Glauconite is commcm in sedimentary 
rocks of many different ages but especially of 
the Cretaceous. It is usually more or less dis- 
seminated^ but locally it forms pure beds and 
lenses. 

Another important iron silicate found in 
hediments is the hydrous ferrous or ferroso- 
ferric silicate, greenalite, which occurs along 
with cherty siderite as an original constituent 
locally in the Lake Superior iron-bearing 
formation*' Greenalite has the composition 
FeSiO,.nH,0 or Fe"%Fe", (SiO J 3.3H,0. A 
part of the ferrous iron may be replaced by 
magnesium. 

Besides these there are four other more or 
less related hydrous silicates of iron — ^thuring- 
ite, chamosite, berthierine, and bavalite — 
which are quite widespread. Only the first of 
these has a definite chemical formula, which 
is as follows: 8Fe0.4(AlFe)jO,.6SiO,.9H20 
(silica, 22.8 per cent; alumina, 17.2 per cent; 
ferric oxide, 13.5 per cent; ferrous oxide, 36.3 
per cent; combined water, 10.2 per cent). The 
other three silicates differ from thuringite in 
that they contain a higher percentage of iron 
protoxide, only a small percentage of alumina, 
and little or no ferric iron. 

Thuringite and chamosite are said to be the 
principal minerals in certain lenses of iron ore 
of Lower Silurian age in Bohemia and in Thur- 
ingia, Germany. Thuringite is olive-green in 
color and scaly, and chamosite is dark grayish 
green and either compact or oolitic. Chamo- 
site is an abundant constituent of the Wabana 
iron ore of Newfoundland, in which it is asso- 
ciated with compact and oolitic hematite. 
Berthierine occurs in northern France sus a con- 
stituent of the Jurassic oolitic ores, associated 

» Clarke, F. W., The data of geochemistry. 3d ed. : U. S. 
Oeol. Survey Bull. 616, p. 617, 1010. 

• Leith, C. K.. The Mesabi iron-bearing district of Minne- 
sota : U. S. Geol. Surrey Mon. 48, pp. 289 et seq., 1908. 

Van nise, C. R., and Lelth, C. K„ The geology of the Lake 
Superior region: U. S. Geol. Survey Mon. 52, pp. 165, 521, 
1911. 



with Umonite, siderite, and other minerals.* 
Bavalite is found in scattered deposits in Brit- 
tany, where it is interbedded with metamor- 
phosed rocks.* 

Glauconite occurs as dark-green granules 
widely distributed in sedimentary rocks and is 
also being deposited at the present time in 
many places on the ocean bottom. It forms 
a green grannlar sediment and is generally 
more or less mixed with other sedimentarA- ma- 
terial, especially fine sand and silt. The sepa- 
rate granules usually have the shape and size 
of foramini feral shells, and many of them still 
have fragments of shells attached to the outside 
of them. Many also are distinct internal casts 
of Foraminifera. Very few glauconite grains 
exceed 1 millimeter in diameter. 

At the present time glauconite is forming 
most abundantly in comparatively shallow 
waters and near the mud line surrounding the 
continental shores just beyond the limit of 
wave and current action.* The depth at which 
it commonly forms ranges between 100 and 
200 fathoms, but in some places it forms at 
depths as great as 900 fathoms. The entrance 
of large rivers interferes with its formation. 

The common occurrence of glauconite inside 
shells of Foraminifera has led to the belief that 
these organisms are concerned in its formation. 
The dead organisms are supposed to drop to 
the bottom, whereupon the shells become filled 
with fine mud which in the presence of the 
sulphates in sea water is acted upon by the de- 
caying organic matter in the shell.® The iron 
supposed to be contained in the mud is reduced 
to sulphide, and this afterward oxidizes to fer- 
ric hydroxide, setting free sulphuric acid. The 
sulphuric acid acts upon the alumina, causing 
it to be removed in solution and at the same 
time colloidal silica is set free. The colloidal 
silica reacts upon the ferric hydroxide and in 
the presence of potassium salts, supposed to be 
derived from adjacent decomposing minerals, 
forms glauconite. Sediments with which glau- 
conite is associated are said to contain invari- 



» Clarke. F. W., The data of geochemistry, 8d ed. : U. S. 
Geol. Survey Bull. 616, pp. 516-618. 1916. 

* Dana. E. S., System of mineralogy, p. 658. 1914. 

» Murray. J., and Renard. A. F., OhaU^nger Bept., Deep-sea 
deposits, p. 383, 1891. 

• Clarke. F. W., The data of geochemistry, 8d ed. : U. 8. 
Oeol. Survey Bull. 616, p. 135, 1916. 

Murray, J., and Renard, A. F., op. clt. 
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ably abundant orthoclase, muscovite, and other 
minerals from which potassium may have been 
derived. Other materials commonly found 
with glauconite in greensand are quartz, horn- 
blende, magnetite, augite, zircon, garnet, and 
varying amounts of calcareous matter derived 
from shells. 

Glauconite is disseminated in marine sedi- 
ments of all geologic ages, forming strata 
which are known as greensand. In the Paleo- 
zoic rocks greensand is probably most abun- 
dant in Cambrian and Ordovician strata. 
Cambrian greensand is common in the north- 
central United States, where it is associated 
with siliceous limestone and fine calcareous 
sandstone beds. Ordovician ("Lower Silu- 
rian ") greensand occurs in the Baltic provinces 
of Russia. In the Mesozoic rocks glauconite is 
particularly abundant in the Cretaceous forma- 
tions both in Europe and North America. In 
England it occurs throughout the southern 
coimties as well-defined beds generally inter- 
layered with sand, marl, and clay. It is so 
abundant along certain zones that they are 
known as greensand horizons. The principal 
greensand horizons are in the upper part of the 
Lower Cretaceous and in the lower part of the 
Upper Cretaceous. The principal chalk beds oc- 
cur above them in the Upper Cretaceous. In 
the Atlantic and Gulf coastal sediments of the 
United States greensand occurs in the Creta- 
ceous and in the overlying Eocifene deposits.^ 
It is found more or less abundantly through- 
out the strata, being associated with coarse and 
fine sand, clay, and marl. Locally beds of pure 
glauconite occur. 

Below is shown the range in composition of 
glauconite obtained from different localities.* 

Range in composition of glauconite from different 

localities, 

SIO, 40. 00-53. 61 

AlaO. 6.62-iaOO 

PcO* 15. 16-23. 43 

FeO 1.32-10.17 

MgO .95- 2.97 

CaO . 57- 1. 97 

Na,0 . . 42- 2. 16 

KaO 3.49- 9.54 

H,0 4.93-10.32 

^ Clark, W. B., Origin and classiflcation of the greensands 
of New Jersey : Joar, Geology, vol. 2, pp. 161-177, 1894. 
« Clarice, F. W., op. clt, p. 518. 



The occurrence and character of the Lake 
Superior iron-bearing formation have already 
been described. Although cherty siderite is the 
principal rock in the unaltered iron-bearing 
formation, there are localities in the Penokee- 
Gogebic district where a considerable amount 
of greenalite occurs with it, along certain hori- 
zons, and other localities, as in the Mesabi dis- 
trict, where most of the formation is believed 
to have originally consisted of greenalite.* 

Greenalite forms a dark-green, hard, com- 
pact rock with oolitic texture. The greenalite 
spherules have a maximum diameter of a mil- 
limeter or more and in shape they vary from 
spherical to oval or elliptical. They differ 
from spherules of Clinton hematite and Wa- 
bana ore in that they do not show concentric 
layering. They are usually homogeneous 
throughout and consist of green amorphous 
material which in places has a little siderite or 
chert or crystalline ferrous silicate intermixed. 
The matrix in which the spherules are em- 
bedded consists in places of chert and else- 
where of a light-greenish crystalline ferrous 
silicate, probably griinerite. 

Greenalite rock may occur as beds of con- 
siderable thickness, but as a general rule it is 
thin bedded and is interlayered with thin beds 
of dense black ferruginous slate. Upon expo- 
sure to surface weathering the greenalite rock 
is altered to a peculiar granular, speckled, 
hematitic chert to which the name taconite has 
been given. 

The following shows the range in composi- 
tion of greenalite from the Mesabi district, 
Minn.* 

Range in composition of greenalite from, Mesabi 

district, Minn. 

SIO, 46.12-61.90 

AlaO, .37- 1.09 

FeiOi 5. 01-15. 00 

FeO 10.28-30.93 

MgO 2. 33- 5. 35 

OaO .00- .28 

H,0— .75-2.50 

H,0+ 4. 17- 6. 41 

The chamosite ores of Bohemia are foimd in 
the Brdagebirge, the principal deposits occur- 

*Leith, C. K.. The Mesabi Iron-bearinf? district of Minne- 
sota : U. 8. Geol. Survey Mon. 43, pp. 101 et seq., 1903. 
«Idem» p. 108. 
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ring in the region of Nu<5itz.^ Beds of this 
ore are located at the base and near the top of 
a certain horizon in the Silurian known as 
horizon " D." 

The base of horizon " D " consists of gray- 
wacke and slate with sheets of diabase and dia- 
base tuff and layers of iron ore which seem to 
be genetically related to the diabase. The iron 
ore is mainly oolitic hematite, but oolitic fer- 
rous silicate (mainly chamosite) is abun- 
dantly associated with it. It occurs in lenticu- 
lar beds which range from a thin film to 18 
meters in thickness and is widely distributed. 
Near the surface the chamosite is altered to 
limonite. 

In the upper part of horizon "D " also 
several zones containing beds of iron ore oc- 
cur. The rocks consist mainly of graywacke 
and graywacke slate, the former containing 
light-colored quartzite layers. The ore beds 
are associated with the slates. They are len- 
ticular in shape and in places, as in the vicin- 
ity of Nucitz, reach a maximum thickness of 
22 meters. The ore is oolitic dark-green or 
bluish-green ferrous silicate with a more or 
less sideritic or slaty matrix. At the surface 
it is altered to limonite. The beds are lens- 
shaped and pinch out horizontally. 

Near Schmiedefeld, in the Thuringian For- 
est, widely distributed beds of ferrous silicate 
occur in rocks of Lower Silurian age. They 
extend over many square miles and are so con- 
stant that they are taken as horizon markers. 
The lower bed, which is unimportant, is found 
just above a Cambrian quartzite and grayish- 
green argillaceous schist and is overlain by a 
few meters of micaceous quartzite schist. This 
is overlain by the main ore bed, 15 to 20 meters 
thick, above which are Lower Silurian clay 
slates.* The lower bed is only a few meters 
thick and locally is represented by two layers. 
It contains much hematite, usually oolitic. 
The upper bed is extensive and consists of 
chamosite and thuringite, the former being 
predominant. The chamosite is silver-gray to 
black in color and shows oolitic texture. At 



^ BeyBchlag, P., Krasoh. P., and Vojrt, J. H. L., Die Lager- 
Htfltten der nutzbaren Mioeralien und Gestelne, Band 2, pp. 
528 et seq., 1913. 

Uhllg, v., Die Elsenerzvorrftte Oeaterreichs : The iron-ore 
resources of the world, Cong. g^l. internal., Stockholm, pp. 
148 et seq.. 1910. 

^Beyschlag, F., Kmsch, P., and Vogt, J. H. L.. op. dt, 
Pand 2, pp. 531 et seq. 



the surface it alters to limonite. The thuring- 
ite is olive to dark green in color and fine 
scaly, dense, or oolitic in texture. A large 
quantity of iron carbonate occurs with the fer- 
rous silicates. 

The association of chamosite with hematite 
in the Newfoundland oolitic iron-ore beds has 
been mentioned on page 50.' It is found in the 
spherules and in the interstices between the 
spherules composing the ore beds and occurs 
also in the matrix' of the clastic sediments that 
inclose the ore beds. In the leaner portions of 
the ore layers chamosite is abundant in the 
spherules and either occurs concentrically in- 
terlavered with hematite or forms entire 
spherules itself. In this form it is usually dense 
and amorphous. In the matrix between the 
spherules and in the inclosing clastic rocks the 
chamosite is nonoolitic and shows a micro- 
crystalline or finely crystalline texture. Occa- 
sionally it forms large tabular crystals. 

Hayes* gives the following recalculated 
average analyses of Wabana chamosite: 

Recalculated average analyses of Wabana chamosite from 

Nenf'juruUand. 



SiO,.. 

FeO.. 
MgO. 



24.87 


23.23 


19.45 


22.85 


6.66 


1.00 


34.52 


38. 99 


3.34 


3.25 


11.16 


10.68 



25.64 
19.75 

39.* 74 

2.98 

11.89 



The color of chamosite varies from light to 
deep green and occasionally has a grayish tint. 
Tubes, supposed to be those of boring algae, are 
abundant in the ore beds. Where these tubes 
penetrate chamosite they are usually lined 
with a coating of hematite, which is believed 
to have resulted from the oxidation of the 
chamosite by the action of the algae. 

DEPOSITS OBIOIHAIXT LAID DOWN KAIHLT AS IBOH 

STTLPHIDE. 

Iron disulphide (FeSj; iron, 46.6 per cent; 
sulphur, 53.4 per cent) is abundant in sedi- 
mentary rocks, occurring both as disseminated 
specks and nodules and as beds and lenses. It 
is generally present as pyrite, but in some 
recent sediments the black iron disulphide, 
melnikowite, has been found also. Marcasite 

■ Hayes, A. O.. op. clt., p. 26. 
'Idem, p. 62. 
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more commonly occurs as a vein mineral. Fer- 
rous sulphide (FeS) forms a constituent in 
some modem lacustrine and marine sediments. 

Lenses of crj^stalline pyrite, of probable 
sedimentary origin but more or less recrystal- 
lized, occur interbedded with metamorphic 
rocks such as slate, schist, and quartzite, in 
Spain, France, Italy, Austria, Norway, and 
many other parts of the world. Beds of oolitic 
pyrite occur in the Ordovician rocks of New- 
foundland, and in the Devonian rocks of West- 
phalia, Germany. Melnikowite has recently 
been described as occurring in Miocene clays 
in southeastern Russia. 

More interesting probably than these, how- 
ever, are the deposits of hydrous ferrous sul- 
phide which characterize the black mud form- 
ing at present in the bottom of the Black Sea 
and neighboring limans and in bays on the 
island of Oesel, Gulf of Eiga, and elsewhere. 
Iron sulphide, some of which is probably in 
the ferrous form, also characterizes the " blue 
mud " deposited locally in the ocean bottom. 

In the Huelva region in southern Spain^ 
lenses of pyrite occur in sedimentary rocks, 
mainly clay slate with some graywacke and 
limestone belonging to the Culm (Lower Car- 
boniferous) . The rocks are highly folded and 
faulted and have steep dips. The lenses have 
a maximum length of more than 1,100 meters 
and a maximum width of 180 meters. They 
occur at different horizons in the Culm and 
most of them are said to be closely associated 
with intrusive sheets of porphyry. On account 
of this association the pyrjte lenses are usually 
described as being epigenetic in origin and as 
having been formed by hot solutions from the 
porphyry magma. Their interlayering with 
the sediments, however, and close concordance 
with them in strike and dip make a sedimen- 
tary origin not impossible. The Huelva pyrite 
lenses are important copper bearers and con- 
tain also some lead, zinc, arsenic, and silver, 
the occurrence of which is taken as additional 
evidence for their epigenetic origin. 

At Agordo, in the Venetian Alps of north- 
em Italy ,^ lenses of pyrite, similar to those in 
the Huelva region, occur interlayered with 
pre-Carboniferous metamorphosed argillaceous 

1 Beyschlajf, P., Krusch, P., and Vogt, J. IT. L., Die Lager- 
Bt^tten der nutzbaren Mlnerallen and Gesteine, Band 1, pp. 
811-323. 1910. 

* Idem, pp. 326-328. 



schist, usually not far from ma^es of intrusive 
quartz porphyry. The lenses have a maximum 
length of 550 meters and a maximum width of 
200 meters and show fine-grained texture and 
distinct layering. In metal content they re- 
semble the Huelva pyrite lenses. Their origin 
must be explained along similar lines. 

In the Carpathians at Szomolnok* pyrite 
lenses occur in folded and metamorphosed 
sediments of the Culm, consisting of graphitic 
and chloritic schist and quartzitic sandstone. 
Intrusive diorite and porphyry occur in the 
schist. The pyrite lenses are f oun4 in distinct 
layers corresponding in structure with the 
metamorphosed sediments. However, they are 
usually explained as being of epigenetic origin, 
resulting from the diorite intrusions. 

At Rammelsberg, near Goslar,* on the north- 
western border of the Harz Mountains in 
central Germany, a lens of pyrite occurs inter- 
layered between two slate beds of Middle De- 
vonian age, which stratigraphically overlie 
Lower Devonian coarse sandstone. The beds 
are folded into an overturned anticline • of 
which the sandstone forms the center. The 
pyrite lens occurs on the lower limb of the 
anticline and has been folded with the inclos- 
ing slates, following the contortions of the 
slates closely. It generally ranges in thickness 
from 0.6 meter to 3 meters, and shows marked 
banding parallel to the lens, which in part is 
due to included thin layers of slate. The prin- 
cipal minerals are pyrite, zinc blende, chalco-. 
pyrite, galena, and arsenopyrite in a gangue 
of barite. 

It is generally believed that the Rammels- 
berg pyrite deposit is a contact vein formed by 
magmatic solutions. Recently, however, fos- 
sils of Goniatttes have been found in the pyrite 
bed, which has led to its reclassification by 
some authors as a sedimentary deposit.* 

The oolitic pyrite bed in Westphalia occurs 
at Meggen on the Lenne.' By some authors it 
is considered as of sedimentary origin and by 
others as a later introduction. The bed con- 
sists of pyrite and barite and averages about 
10 feet in thickness. The pyrite occurs in fine 

» Idem, pp. 829-331. 

* Lindffren, Waldemar, Mineral deposits, pp. 606-610, 
1913. 

■ Beyschlag, F., Krusch, P., and Vogt, J. 11. L., op. clt.. 
Band 2, pp. 630-6.37, 1913. 

• Stelzner, A. W., and Bergeat, A., Die ErzlagerstAtten, 
Band 1, pp. 339-342, 1904. 
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layers, distinctly stratified and in places oolitic. 
Underlying it are graywacke slates and over- 
lying it is a bed of dense nodular limestone, in 
part dolomitic, carrj'ing inclusions of iron py- 
rite. Above the limestone are clay slates. The 
rocks are of Devonian age. 

The oolitic pyrite beds which are associated 
with the Wabana hematite beds of Newfound- 
land are probably the most typical sedimentary 
pyrite beds known.* The py rite-bearing zone 
is found just above one of the principal hema- 
tite beds (the Dominion bed), being separated 
from it by 1 to 10 feet of shale or sandstone. 
There are one to three beds of pyrite ranging 
in thickness from an inch to a foot or more and 
separated by fissile black shale. The beds 
thicken, thin, and die out within short dis- 
tances, but the zone is persistent. Shale occurs 
above the pyrite beds. The pyrite nearly all 
has a distinct oolitic texture and together with 
the inclosing shale contains abundant grapto- 
lites and some brachiopods, showing its marine 
origin. Associated with the pyrite spherules 
aref nodules and small irregular bodies of py- 
rite. Quartz occurs both as fragments and as 
a matrix between pyrite spherules. 

In the southeastern part of Russia near 
Nowo-Usensk in the Government of Samara, 
clays containing iron sulphide were encoun- 
tered in drilling natural gas wella* The suc- 
cession of strata passed through in these bor- 
ings is as follows : 

Section penetrated in borings near Notoo-Usensk, 

Samara, Russia, 

Post-Tertiary: **««*• 

Brown clay 150 

Clayey sand containing magnesium sulphate 

bearing water 35 

Sandy clay . 5 

Miocene : 

Brown clay, in part sandy, with layers of gas- 
bearing sand 115 

The Miocene brown clay is interesting in 
that it carries a black iron sulphide, melnikow- 
ite, which occurs finely disseminated through 
the clay, as well as in streaks and thin layers. 

* Hayes, A. O., Wabana Iron ore of Newfoundland : Canada 
Geol. Survoy Mem. 78, p. 15, 1915. 

* Dobs, Bruno, Ueber die Natur und Zusammensetsungr des 
In Mlocaenen Tonen des Gouvernements Samara auftreten- 
don Schwefelelsens ; Neuea Jabrb., Bellage Band 33, pp. 662- 
713, 1912 ; Melnlkowit, ein neues Elsenbisulphld und seine 
Bedeutun^ ftir die Genesis dor KleslagerstHtten : Zeltscbr. 
pralrt. Geologle, Jahrg. 20, pp. 453-483, 1912. 



Particles of it are commonly attached to frag- 
ments of fossil mollusks. As obtained from 
the bore holes the melnikowite was mainly in 
the form of dull, dense, compact fragments, 
generally with concentric structure. Asso- 
ciated with these fragments were found spheri- 
cal, oval, grapelike, or kidney-shaped forms, 
the largest of which were 1 millimeter in di- 
ameter. The microscopic texture of the 
melnikowite is finely crystalline and the color 
black. Analysis has shown it to be iron di- 
sulphide (FeS,), but it differs from marcasite 
and pyrite in being strongly magnetic and in 
various other physical properties. 

The particles of melnikowite are somewhat 
impure, containing quartz and calcite grains, 
clay particles, or fine muscovite flakes. Much 
of the melnikowite also has associated with it 
particles and grains of finely crystalline pyrite, 
whose occurrence and gradation into melniko- 
wite suggest strongly that the pyrite is a stable 
form into which the melnikowite is altering. 

Black muds containing abundant organic 
material and impregnated with colloidal hy- 
drous ferrous sulphide occur in many localities 
both in inclosed seas and in gulfs and bays con- 
nected with the open ocean.' Among the best- 
known localities are the eastern Mediterranean 
Sea, Black Sea, Sea of Azov, Caspian Sea, 
Dead Sea, Aral Sea, and other inclosed bodies of 
water in southeastern Europe and western Asia. 
Similar muds, however, also occur around Oesel 
Island and elsewhere in the Gulf of Kiga, at 
several localities in the southern Baltic Sea, 
around the mouths of the Elbe and the Weser, 
and along the Netherlands coast in the North 
Sea, as well as locally on the coast of Scotland. 
Many sulphur springs throughout Europe con- 
tain black muds that carry ferrous sulphide, 
and the " blue mud " of the ocean bottom along 
the edges of the continents is also characterized 
by iron sulphide, part of which is doubtless in 
the ferrous form. 

The " blue mud " of the ocean bottom is blue 
or slate-colored, but the upper layer in contact 
with the water is oxidized to red or brown. 
The blue color is due to the presence of organic 
matter and sulphide of iron in a fine stat© of 
division. It has the smell of sulphureted hy- 
drogen. The depth at which it occurs ranges 
from 125 to 2,800 fathoms. " Blue mud '' con- 

•Doss. Bruno, Neues Jahrb., Beilage Band 38, pp. 689 et 
seq., 1912. (Numerous references cited.) 
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tains, besides terrigenous clastic material, 
abundant remains of Foraminifera, Radio- 
laria, diatoms, sponge spicules, and fragments 
of moUusk and echinoderm shells. 

The "blue muds" surround nearly all the 
continents and occur in inclosed seas like the 
Mediterranean, and even in the Arctic Ocean. 
They occupy the largest area of the terrige- 
nous oceanic deposits.* 

The following table shows the range in com- 
position of the principal ccmstituents of blue 
mud: 

Range in composition of the principal constituents of 

blue mud. 

SiO, 59. 54-64. 20 

AlaC 13. 55-10. 42 

Fe,Q, 7. 15-11. 23 

Loss on Ignition* 4.92-6.24 

Small amounts of soda, potash, lime, and 
magnesia are also present. 

Recent studies of muds from the bottom of 
the Black Sea and neighboring limans* as 
well as from other inclosed seas of southeast- 
em Russia, have shown that they contain an 
abundance of ferrous sulphide. As indicated 
by the dredgings two kinds of mud exist in the 
Black Sea at depths of 300 to 717 fathoms. 
One type is a sticky black mud containing hy- 
drous ferrous sulphide (FeS.nH,0) presum- 
ably as a gel. The other type is a less dense 
blue mud containing pelagic diatoms, a smaller 
quantity of ferrous sulphide, and concretions 
of iron disulphide. The blue mud is believed 
to underlie the black mud, and its existence 
proves that iron disulphide undoubtedly oc- 
curs at least locally in unconsolidated ferrous 
sulphide bearing muds. 

In some of the limans and shallow lakes of 
southern Russia ferrous sulphide generally oc- 
curs as an intermixed paste or as lumps and 
concretions in black mud, or as coatings of 
other substances, but it is also found with moist 
black shore muds and sands. 

The limans bordering the Black Sea are shal- 
low, salty lagoons separated from the open 

* Murray. J., and Renard, A. P., Challenger Rept.. Deep-sea 
deposlta, pp. 229 et seq., 1891. 

Murray, J., and HJort, J., The depth of the ocean, pp. 161 
et seq., 1912. 

* Organic matter, sulphur, etc. 

* Andrussow, N., La mer noire : Cong. g^l. intemat., Guide 
des exc, 7* sess.. Excursion 29, p. 7, 1897, dted by Hayes, 
A. O., op. clt., p. 90. 



water by low, narrow bars.* The bottoms of 
these lagoons are covered with a tough, black 
mud which owes its color to an abundance of 
ferrous sulphide. The mud is plastic and 
doughy, has a strong odor of hydrogen sulphide, 
and gives an alkaline reaction. It consists of 
clay particles, fine sand, and shells, which are 
impregnated with and held together by col- 
loidal, hydrated ferrous sulphide and abun- 
dantly mixed with decomposing organic mate- 
rial derived from both plants and animals. The 
liman mud is used for healing purpoises on ac- 
count of its content of hydrogen sulphide, but 
when exposed to the air the ferrous sulphide 
oxidizes and the mud takes on a gray color. 
However, upon being reimmersed in brine it is 
again reduced, owing to the action of reducing 
bacteria, which are present abundantly. 

Doss's explanation*^ of the origin of sedi- 
mentary deposits of iixMi sulphide is as follows : 
Iron is dissolved from iron-bearing minerals 
and carried in solution as soluble ferrous car- 
bonate (Fe (003)2) by surface waters to in- 
closed bays or lagoons in which decaying or- 
ganic matter is abundant. Here the iron is pre- 
cipitated, either directly as black colloidal hy- 
drated ferrous sulphide by reaction with hy- 
drogen sulphide liberated by bacteria from the 
decaying organic matter, or as ferric hydroxide 
by iron bacteria. Ferric hydroxide under re- 
ducing conditions and in the presence of hy- 
drogen sulphide is changed to hydrated ferrous 
sulphide. By loss of water and the addition of 
sulphur, which occurs as free sulphur in the 
mud, the hydrated ferrous sulphide is changed 
to melnikowite ( FeSj ) . The melnikowite alters 
gradually to pyrite and the inclosing mud be- 
comes hardened and cemented to clay and shale. 
Where iron sulphide was originally mixed with 
the mud it was later disseminated through the 
resulting rocks, but where more or less pure de- 
posits occurred they resulted in the formation 
of beds and lenses of pyrite. Later metamor- 
phism may cause the recrystallization of the 
pyrite lenses and alteration of the inclosing 
rocks to slate and schist. Thus all stages occur 
between the black ferrous sulphide muds form- 
ing in many inclosed basins and the recrystal- 

* Omelianski, W., Der Kreislauf des Schwefels, In P. La- 
far's Handbuch der techntschen Mycologie, Band 3, pp. 222- 
223, 1904-1906. 

* Dors, Bruno, Zeitschr. prakt. Geologie, Jahrg. 20, pp. 
460-461, 1912. 
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lized lenses of pyrite interbedded with slates 
and schists. 

Many of the pyrite lenses in schists and 
other metamorphic rock, such as the deposits 
at Huelva and those of Agordo and Szoraol- 
nok, have been fairly definitely shown to be 
related, at least in part, to igneous intrusions. 
The igneous rocks may have caused the forma- 
tion of the entire deposits or they may simply 
have caused the recrystallization of original 
lenses of iron sulphide and the introduction 
into then! of their content of silver, lead, zinc, 
copper, and other metals. It must be remem- 
bered that deposits of iron sulphide are form- 
ing abundantly at the present time in associa- 
tion with argillaceous sediments, which upon 
metamorphism would yield just such rocks as 
those in which we find the lenses of pyrite 
containing copper, lead, and zinc sulphides. 
The facts that these lenses are distinctly con- 
formable to the bedding of the rocks in which 
they occur, that many of them exhibit banding 
parallel to the bedding of the associated rocks, 
and also that many are far removed from ig- 
neous intrusions, are strong points in favor of 
their original sedimentary origin. The reason 
why only a few deposits of iron sulphide that 
are clearly of sedimentary origin, such as those 
of Russia and Newfoundland, have been de- 
scribed in the literature can perhaps be sought 
in their relative unimportance commercially, 
which is due to their lack of precious or semi- 
precious metals. 

FORMATION OF 8EDIMENTART IRON-BEARING DE- 
POSITS. 

BEPOSITIOV or IBOV BY XEOHAVIOAL PR00ES8ES. 

There are certain iron-ore deposits which 
have been formed almost entirely by mechani- 
cal processes. To this type belong the black 
sands, which consist of magnetite or hematite 
sand mixed with particles of other hard, heavy 
minerals, such as garnet, zircon, ilmenite, 
rutile, quartz, and chromite. 

The processes which are most active in the 
formation of black sands are disintegration 
and transportation. The rocks that contain 
disseminated iron minerals upon being sub- 
jected to disintegration without much decom- 
position release the separate mineral particles, 
which are then carried awav bv streams and 



finally sorted by currents and waves according 
to their density. Black sands may form on the 
seashore or on the shores of rivers or lakes. 
Their specific gravity prevents the particles 
from being carried very far from shore, though 
moderately swift flowing streams may carry 
them some distance, along with other coarse 
clastic material, and deposit them in their 
deltas. 

In general black sand deposits are very im- 
pure on account of the admixture of non iron- 
bearing clastic particles. In many places also 
they are very high in titanium owing to the 
presence of abundant ilmenite. Deposits of 
magnetite sands are forming at the present 
time along the sea coast and along the larger 
rivers in Washington, Oregon, and California. 
Deposits of hematite sand are forming along 
streams in Minas Geraes, Brazil, the materials 
being derived from the disintegration of the 
extensive beds of hematite-bearing quartzite 
that occur in that region. Though most of the 
known black sand deposits are of recent origin, 
older beds of a similar character are met with 
locally, such as the black sand beds in Upper 
Cretaceous rocks in northwestern Montana.^ . 

Other iron-ore deposits that are formed 
largely by mechanical processes are the detrital 
talus deposits, consisting of blocks and frag- 
ments of ore, which commcmly lie on slopes be- 
low outcropping cliffs of iron ore. They are 
generally designated by the name of rubble ore. 
Such deposits may become cemented by the fill- 
ing of the spaces between the fragments and 
thus result in clastic breccias. To this type 
belong the " canga " ores of Brazil, which are 
drived from and associated with the bedded 
hematite. Some f ragmental varieties of laterite 
which occur in India in association with the 
Dhdrwar iron-bearing sediments may also be 
classed with this type. 

BEPOSITIOV or IRON BY CHEMIOAL PR00E8SBS. 

FORMATION OF DEPOSITS OF FERRIC HYDROXIDE. 

Ferric hydroxides may be precipitated either 
from organic or inorganic iron solutions, the 
reaction being accompanied by hydrolysis in 
ferric compounds and by oxidation with hy- 

iStoblnj?er, Eugene, Tltanlferous macDetlte beds on the 
Rlackfeet Indian Reservation, Mont. : U. S. Geol. Survey 
null. 540, pp. 329-337, 1914. 
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drolysis in ferrous compounds. The ferric 
hydroxides form a gradational series in which 
iron, in the form of FeaOj, is associated with 
water. This water (meaning "water above 
105° C") ranges from a few per cent, as in 
hydrated hematite, to an unknown upper limit, 
perhaps more than 30 per cent. These amounts 
of "water" probably range through all the 
possible varieties of combinations, as with most 
other hydrated oxides, from hydroxyl groups 
to firmly held hygroscopic moisture. In gen- 
eral the series of ferric hydroxides is probably 
analogous to the various hydrated forms of 
silica. A large number of ferric hydroxides 
have been prepared or are found in nature as 
minerals, but the exact composition of many 
of these is uncertain.^ 

Much work was done on the constitution of 
ferric hydroxides during the nineteenth cen- 
tury, of which the most important was that of 
Muck,' Tomassi,^ van Bemmelen,* and Ruff.* 
Muck first and Tommasi later, by chemical 
precipitation from iron solutions, obtained two 
different classes of ferric hydroxides, the red 
hydroxides and the yellow hydroxides. The 
red hydroxides are obtained by precipitation 
from ferric salts with alkalies, whereas the 
yellow hydroxides are obtained by the oxida- 
tion of moist ferrous hydroxide or of ferrous 
carbonate. By drying freshly prepared pre- 
cipitates of ferric hydroxide at different tem- 
peratures Tommasi obtained the following 
compounds, which he regarded. as definite hy- 
droxides : 

YeUow hydroxides : 

Fe»(OH)« Forms below 70* C. 

Fea(0H)40 Forms between 70** and 105* C. 

Fe,(0H)20 Forms between 105" and 150" C. 

Red hydroxides: 

Fea(OH)« Not obtained. 

Fe2(OH)40 Forms below 50" C. 

Fei(OH)aa Forms between 50" and 92" 0. 

Upon further heating of the red hydroxides 
a brown anhydrous ferric oxide having a 



iRoscoe, H. E., and Schorlemmer, C, A treatise on chem- 
istry, vol. 2, pp. 1197 pt seq., 1913. 

a Muck, Zeltscbr. Chemle, 2d ser., vol. 4, p. 41, 1868. 
Cited by Roscoe, H. E., and Schorlemmer, C, op. cit, p. 1222. 

'Tommasi, D., Ricerche sulle formole dl costitutlone del 
compostl ferrici ; Parte prima, Idratl ferrlcl, Florence, 1879. 
Also see Deutsche chem. Oesell. Ber., vol. 12. pp. 1929, 2334, 
1879. 

* Van Bemmelon, J. M., Rec. trav. chlm., vol. 7, pp. 86- 
119, 1889. 

■Ruff, O., LVber das Elsenoxyd tind sein Hydrate: 
Deutsche chem. Gesell. Ber., vol. 34, pp. 3417 et seq., 1901. 

65629*'— 19 5 



specific gravity of 5.1 was produced, but the 
anhydrous ferric oxide resulting from heating 
the yellow hydroxides was reddish yellow in 
color and had a specific gravity of 3.95. Tom- 
masi concluded from these data that there exist 
two distinct series of ferric hvdroxides with 
different properties. 

Van Bemmelen in his experiments with col- 
loids showed that red ferric hvdroxides are 
really colloidal substances without any definite 
chemical composition, the amount of water re- 
tained by them being dependent on the 
aqueous vapor pressure in the atmosphere, with 
which they are in equilibrium. Only at high 
temperatures are they converted to anhydrous 
ferric oxide. He believed that the red hy- 
droxides do not differ in any essential way 
from the yellow hydroxides and that the latter 
also are colloids in perhaps a little more stable 
and concentrated form. 

If these conclusions are correct it is difficult 
to understand under what conditions various 
stable ferric hydroxides found in nature are 
formed, and further how deposits of anhy- 
drous or slightly hydrated ferric oxide are 
formed so abundantly under natural condi- 
tions when in the laboratory high temperatures 
are necessary for their formation. 

Realizing the discrepancies between the con- 
clusions of Tommasi and Van Bemmelen, Ruff 
took up the study of the ferric hydroxides. 
His first experiments were performed with red 
colloidal ferric hydroxide under ordinary con- 
ditions of pressure but with varying tempera- 
ture. They confirmed more or less the work 
of Van Bemmelen. He found also that the 
freshly precipitated red ferric hydroxide, 
when allowed to stand for several years at 
ordinary temperatures, gradually lost water 
but before becoming entirely anhydrous began 
to take on water again and after 10 or 15 years 
changed to the normal stable ferric hydroxide, 
2Fe203.3H20. 

The second 'series of experiments of Ruff was 
performed with ferric hydroxide under vary- 
ing pressures of about 5,000 atmospheres. By 
raising the temperature under these conditions 
of pressure he found that the colloidal red fer- 
ric hydroxides became converted into definite 
hydroxides all found in nature, the particular 
hydroxide formed depending on the tempera- 
tures. Between 30^ and 42.5° C. the colloid 
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changed to a yellow granular powder having 
the water content and specific gravity of limo- 
nite (2FeA-3HaO), between 42.5° and 62.5° C. 
it became yellowish red and took on the prop- 
erties of goethite (FejOg.HjO), and above 
62.5° C. it became brick-red and had the com- 
position of turgite (2Fe208.H20). Ruff did 
not obtain the anhydrous oxide, hematite, at 
high pressures below a temperature of 150° C. 
The yellow hydroxide, when treated under sim- 
ilar conditions with a range of temperature 
from 40° to 70° C, behaved like a stable com- 
pound and did not alter in content of water. 
The suggestion is made that this material may 
be represented in nature by the mineral xantho- 
siderite (Fe208.2H,0). 

Ruff concludes from these data (1) that red 
colloidal ferric hydroxide under ordinary con- 
ditions is a colloid of indefinite composition, 
but that under high pressure and rising tem- 
perature it may change in a short time to 
various definite hydroxides; (2) that yellow 
ferric hydroxide is very probably a definite 
chemical compound that contains various 
amounts of adsorbed water; (3) that under 
ordinary conditions of temperature and pres- 
sure the red colloidal ferric hydroxide is slowly 
dehydrated and changed to anhydrous ferric 
oxide, bat at the same time water is taken up 
by the anhydrous oxide and a change occurs to 
the stable ferric hydroxide, limonite; (4) that 
pure anhydrous ferric oxide does not form 
from ferric hydroxides except under excep- 
tional conditions of temperature or pressure. 

Nicolardot,* by whom the most recent work 
has been done on ferric hydroxides, has come 
to the conclusion that six modifications of fer- 
ric hydroxide exist which are all polymers of 
the simplest hydroxide. They all differ in 
chemical and physical properties and in the 
content of water. Two of the hydroxides, 
(Fe30,),(H,0),.5^ and (Fe,0,),(H,6),^.„ are 
brown and are derived from the normal ses- 
quioxide FejOg, whereas the other four, all 
opalescent and yellow in color, are derived 
from the two anhydrides of Fe2(0H)a — 
FejOCOH)^ and Fe,02(0H),. Each of these 
substances forms a series of hydroxides with 
variable water content, the hydroxides of one 

» Nicolardot, M. P., Recherches sur le sesqaloxyde de fer : 
Annalea chlmie et physique, 8th ser., voL 6, p. 334-398, 
1905. 



series being transformed into the hydroxides 
of another series by the elimination of water. 

Hydroxides of iron of various kinds, there- 
fore, may be formed by precipitation with al- 
kalies or by simple oxidation and hydrolysis 
from different iron compounds. Thus, solu- 
tions of ferric chloride and ferric nitrate, when 
treated with sodium, potassium, or ammonium 
hydroxides, give precipitates of red colloidal 
ferric hvdroxide. Solutions of ferrous salts 
vrhen treated with alkaline hydroxides give 
precipitates of light bluish-green ferrous hy- 
droxide, which upon oxidation changes to yel- 
low ferric hydroxide. Yellow ferric hydroxide 
is also formed by oxidation and hydration of 
ferrous carbonate and in the rusting of metal- 
lic iron. Freshly precipitated iron rust con- 
sists chiefly of ferric hydroxide but usually 
contains considerable quantities of ferrous hy- 
droxide and ferrous carbonate.* When dried 
and exposed to atmospheric oxidation it soon 
loses its ferrous iron and consists entirely of 
ferric hydroxide, with the approximate com- 
position 2Fe20,.3H20. 

In some solutions of iron salts, such as fer- 
rous or ferric sulphate, as well as certain iron 
salts of organic acids, iron may be precipitated 
by oxidation and hydrolysis (for the ferrous 
salts) or by hydrolysis alone (for the ferric 
salts) not as hydroxide, but in the form of basic 
salts. T\Tien a ferric sulphate solution is 
treated with an excess of alkali, as ammonium 
hydroxide, ferric hydroxide is precipitated. 
When, however, the precipitation is incomplete 
various basic ferric sulphates are formed. The 
same is true when a solution of ferric sulphate 
is boiled or when a solution of ferrous sulphate 
is allowed to oxidize in the air. Among the 
common basic ferric sulphates thus formed 
which are said to exist is FeS04(OH).7H,0, 
which is decomposed by water to form the in- 
soluble salt Fe3S04(OH),.5HaO. Several of 
the basic sulphates occur as minerals, being 
formed by the oxidation of iron sulphides.* 
Among these are vitriol ocher (FeS04(0H)4. 
2Fe(OH)3H20), copiapite (Fe2(SOj3. 
Fe^ (SO4 ) 2 ( OH) 2.IOH2O) , and fibroferrite 
(2Fe2 (SO,) 2 (OH,.Fe,SO, (OH) ,MJi,0) . 

* Moody, G. T., The rusting of Iron : Chem. 80c. Jour., 
vol. 89. pp. 720 et seq., 1906. 

*Ro8Coe, H. E., and Schorlemmer, C, op. dt., pp. 1214 
et seq. 
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Pickering/ who has done some work on the 
constitution of basic ferric sulphate, states that 
only one basic ferric sulphate exists and that 
it has the formula Fe,(S04)g.5Fe20,u»H20, in 
which X ranges from 8 to 40. The molecular 
weight ranges from 1,341.34 to 1,916.10, accord- 
ing to the amount of water present. 

The reason for these varying results is prob- 
ably to be found in the fact that the precipi- 
tate, which forms varies with the nature of 
the solution, the temperature, and the manner 
of precipitation. It probably consists of a 
mixture of one or more of the possible ferric 
hydroxides with one or more basic ferric 
sulphates and the proportion of each present 
varies under different conditions of precip- 
itation.* 

Mixed precipitates of all degrees of oxida- 
tion and hydration probably form under dif- 
ferent conditions, the degree of complexity 
varying with the treatment Thus simple boil- 
ing would result in the formation of a larger 
proportion of basic ferric sulphates, and treat- 
ment with alkalies would result in the forma- 
tion of larger amounts of ferric hydroxides. 

The further hydrolysis of basic ferric sul- 
phates results in the formation of the stable 
ferric hydroxide, limonite. 

Several of the iron salts of organic acids, 
such as iron acetate, iron oxalate, and iron lac- 
tate, give precipitates of flocculent basic salts. 
The precipitation results from simple oxida- 
tion, heating, or treatment with alkalies. 

A solution of iron acetate, when treated with 
alkalies or when evaporated or boiled, gives a 
red flocculent precipitate, consisting probably 
of a mixture of ferric hydroxides and basic 
ferric acetates. The amount of ferric hy- 
droxide present in the precipitate increases with 
temperature, with the strength of the precipi- 
tant, and with the time allowed for precipita- 
tion. When a solution of iron acetate is boiled 
in the presence of alkaline acetates, ferric hy- 
droxide rather than basic ferric acetate is said 
to be precipitated.* A number of basic ferric 
acetates have been described, among which 
are Fe(C2H30,)(OH)„ Fe(C2H30a)20H,and 

* Pickering, S. W., On the constitution of molecular com- 
pounds ; the molecular weight of basic ferric sulphate : 
Chem. Soc. Jour., vol. 43, pp. 182 et seq., 1883. 

* Hunter, W. H. (Department of Chemistry, University of 
Minnesota), personal communication. 

' Bellstein, F., Haudbuch der organlschen Chemie» Auflage 
3, Band 1, pp. 405-406, 1893. 



Fej(C2Hs02)2(OH),+2Fe203> Herz» found 
that the basic ferric acetate, FeC2Ha02(OH)2, 

is precipitated from solutions of pure ferric 
acetate (Fe(C2H802)3) when heated for 10 
hours or more at a temperature of 44° C, and 
also from impure ferric acetate solutions when 
allowed to stand at ordinary temperature or 
when boiled for a short time. Under the lat- 
ter conditions no precipitation occurred from 
pure solutions. This basic ferric acetate is a 
fine yellow colloidal precipitate. Often ferric 
hydroxide (Fe(0H)3) is said to form with it 
as small, brown, shining crystals. 

A solution of iron oxalate upon treatment 
with alkalies also gives a brownish-red floc- 
culent precipitate, which is probably a mixture 
of ferric hydroxides and basic ferric oxalates. 
An iron oxalate solution when .boiled leaves a 
yellowish-brown salt with the composition 
Fe2(C20j3.18Fe(OH)„ but when the solution 
is only heated to 100° C. the precipitate is 
Fe2(C204)3.2Fe(OH)3+4H20, showing an in- 
crease of Fe(0H)8 with the increase in tem- 
perature.* 

. Iron lactate upon treatment with alkalies 
gives a flocculent brownish-black precipitate, 
doubtless a mixture of ferric hydroxides and 
basic ferric lactates. 

Comparatively little work has been done 
heretofore on the constitution of basic ferric 
compounds precipitated from solutions of or- 
ganic iron salts and very little definite in- 
formation is available with regard to these 
compounds. In general the precipitates 
formed are probably of indefinite composition, 
due to the variable content of water and to the 
varying amounts of ferric hydroxides mixed 
with them. As in the precipitation 'from solu- 
tions of ferrous and ferric sulphate the precipi- 
tates which form in solutions of organic iron 
salts vary in composition according to the con- 
ditions of precipitation.* If precipitation takes 
place through the agency of a strong alkali, 
such as sodium hydroxide (NaOH), more, fer- 



* Scheurer-Kestner, M. A., Sur quelques nouvelles com- 
blnalsons du fer et sur Tatomlcltd de cet dl^ment : Soc. 
chlm. Paris Bull., vol. 5, pp. 342-352, 1863; M^moire sur 
une nouvelle classe de sols de fer, et sur la nature hexa- 
tomique du ferricum : Annales chimie et physique, 3d ser., 
TOl. 63, pp. 422-447, 1861. 

* Herz, W., Ueber den Verlauf der Zersetzung des Fer- 
riacetats: Zeltschr. anorg. Chemle, Band 20, pp. 16-20. 
1899. 

* Bellstein, F., Handbuch der organlschen Chemle, Auflage 
8, Band 1, p. 644, 1893. 
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ric hydroxide is liable to be intermixed with 
the basic ferric salts than if a weaker alkali, 
such as ammoniom hydroxide (NH^OH), is 
responsible for the precipitation. Likewise 
the reaction with a weak alkali would result 
in the formation of relatively more ferric hv- 
droxide than would result from simple boiling. 
It seems probable that more than one basic 
compound of each of the organic iron salts may 
exist. Thus there are probably several basic 
ferric acetates or basic ferric oxalates and these 
vary in quantity relatively to each other and to 
the ferric hydroxides in precipitates formed 
under different conditions. Care must be 
taken, however, in drawing conclusions from 
analyses of precipitates, because even if but 
one ferric hvdroxide and but one basic salt of 
a given organic acid were present, their chang- 
ing ration under varying conditions might 
counterfeit the presence of other compounds in 
these mixtures. 

In solutions of organic iron salts of oxy- 
acids, such as iron citrate, iron tartrate, or iron 
malate, basic ferric salts do not precipitate, 
because in these salts the iron forms part of an 
"inner complex salt.'' This is true also of 
salts of many of the acids which occur in th^ 
"composite" called humic acid, and is the 
reason why such salts may be carried in solu- 
ti(m for long periods. 

In the formation of sedimentary iron-bear- 
ing deposits in nature the precipitation of 
ferric hydroxide is mainly from ferrous solu- 
tions and occurs when these solutions come in 
contact with the oxygen of the atmosphere. 
The precipitation may result chemically from 
oxidation alone, but as a rule iron bacteria aid 
in the reaction. To some extent ferric hy- 
droxide is also probably precipitated from fer- 
ric solutions which in nature are mainly solu- 
tions of organic salts, and here also iron precipi- 
tating bacteria may aid in the deposition. 

The hydroxide precipitated from solutions of 
ferrous salts is generally the stable yellow fer- 
ric hvdroxide of fairly definite chemical com- 
position, whereas that precipitated from fer- 
ric solutions is generally the red colloidal hy- 
droxide, which, however, in time may change 
to the stable hydroxide, 2Fe203.3II,0, as 
shown by Ruff.* 

* Ruff, O., op. cit. 



The most common form in which iron oc- 
curs in solution in natural waters is as ferrous 
bicarbonate, but ferrous or ferric sulphates 
probably occur, as well as salts of organic 
acids, which have generally been included un- 
der the terms ferrohumates and ferrihumates. 

Ferrous bicarbonate may be derived from 
many different iron minerals. It is taken into 
solution through the agency of carbonic acid 
(HjCOj) and retained in solution by excess 
carbon dioxide. Such solutions may remain in 
circulation underground for long periods and 
eventually come to the surface as iron springs 
or seepages and may be carried by streams 
to lakes or lagoons. Upon the removal of 
the excess carbon dioxide and exposure to the 
atmospheric oxygen, oxidation and hydration 
take place according to the following reac- 
ti(Hi:* 

4FeC03+3II,0-h20=2Fe,0,^H,0-f4CO, 

This reaction may perhaps be better stated 
in two steps, thus: 

FeCO^-f H,0= Fe ( OH ) ,-f CO, 
4Fe(OH),-f20=2FejO,-3H,0-fH,0 

The flocculent yellowish-brown precipitate of 
ferric hydroxide (2Fe20,.3HjO) that is formed 
drops to the bottom, where it accumulates or 
where a part or all of it may become mixed 
with mud containing organic matter and be re- 
converted to ferrous carbonate. A part of the 
yellowish-brown precipitate may consist of 
iron in the more hydrated forms, such a^ 
Fe203.2H20 and FeaOg-SH^O. In this way the 
mixture of various ferric hydroxides and of 
ferrous carbonate in bog ores is accounted for. 
The iron sulphide and iron sulphate locally 
present in the deposits may be formed by the 
action of HjS, given off by the decaying or- 
ganic matter, on ferrous carbonate or by pre- 
cipitation from iron sulphate solutions. 

Iron sulphate is present in solution in meteo- 
ric waters owing to the decompositioit of sul- 
phides of iron or to the action of sulphuric acid 
on other iron minerals. The iron present in 
this form may be precipitated by simple oxida- 
tion as a mixture of ferric hydroxides and 
basic ferric sulphates, or by reaction with cal- 

* Van nise, C. R., A treatise on metamorpWam : U. S. 
Geol. Survey Mon. 47, p. 826, 1904. 
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cium carbonate present in solutions as fer- 
rous carbonate, which then may be oxidized to^ 
limonite. Van Hise says that basic ferric sul- 
phate may. be precipitated from ferrous sul- 
phate solution according to the following re- 
action : * 

12FeSO,-f 6+ (^+9)H,0= 

Fe, ( SO, ) ,.5Fe,0,.a?H,0+9H,S04 

In reality, however, the reactions which take 
place are probably much more complex and the 
result is a mixture of compounds rather than 
a single basic salt. 

The reaction between ferrous sulphate and 
calcium carbonate to form ferrous carbonate 
is as follows : ^ 

FeS0,-fCaC03=CaS0,+FeC0, 

The calcium sulphate is deposited as gyp- 
sum, CaS04.2H20, and the ferrous carbonate 
may be oxidized tq ferric hydroxide according 
to the reaction given above. In the presence of 
abundant qxj'gen the two reactions might oc- 
cur almost simultaneously thus: 

^^^Q- CaC0,^H.04-0 ^^^-Q-^^-Q+^^^- 

2H,0+C0 

If ferric sulphate is present in solution the 
precipitation of ferric hydroxides may occur 
thus: 

Fe,(SO J,^^^Q^^^:^2Fe,0,.3H,0 + CaSO,. 

2H2O + CO 

The occurrence of iron in solution in natural 
waters as salts of organic acids has received 
but little study, and the literature with refer- 
ence to it is largely speculative. It is com- 
monly supposed that the iron is in the form of 
soluble salts of certain little-known soil acids 
termed humic acids. It does not seem impos- 
sible, however, that it may also be carried as 
salts of other organic acids known to be present 
in the soil, such as formic acid, lactic acid, 
butyric acid, citric acid, or tartaric acid. 

The iron which is present in solution in the 
form of organic salts upon precipitation is 
probably largely thrown down as ferric hy- 
droxide together with various insoluble or- 

» Van nise, C. R., op. clt, p. 826. 

' Moore, E. J., The occurrence and origin of bog Iron de- 
posits In the district of Thunder Bay, Ontario : Econ. Geol- 
ogy, vol. 4, p. 535, 1910. 



ganic ferric compounds, which, however, in a 
comparatively short time will also change to 
ferric hydroxide. According to Aschan,'* who 
has studied this subject, the principal organic 
iron salts occurring in natural waters are salts 
of humic acids, such as ferrohumates and ferri- 
humates. He believes that humic acids are ths 
principal constituents of the soluble deriva- 
tives of humus, which he calls humus hydrosols 
(gels in colloidal solution). Humus hydrosols 
are of unknown and variable composition and 
are supposed to contain, besides humic acids, 
various other soil substances such as humates 
of different composition. They are believed to 
play an important part in the decomposition of 
rocks and minerals, as well as in the precipita- 
tion of such substances as iron and aluminum - 
The humus hydrosols are the materials which 
impart the deep-brown color to streams and 
lakes in regions of abundant vegetation. By 
decomposition they change to carbon dioxide 
and ammonia. 

Aschan found that if ferric salts were pres- 
ent within certain narrow limits of concentra- 
tion, in waters containing humus hydrosols, 
insoluble ferrihumates were deposited but 
that above or below this concentration only 
soluble salts were formed. He found also that 
if ferrous salts instead of ferric salts were 
present, no precipitation took place, soluble 
ferrohumates being formed, which, however, 
if present in the proper concentration might 
by oxidation change to insoluble ferrihumates. 

The action of humus hydrosols in the for- 
mation of lake and bog iron ores is supposed 
by Aschan to be as follows: When the solu- 
ble humus substances are taken into solution 
by ground waters some of the humic acids in 
them immediately begin to react chemically on 
the mineral constituents of the rocks through 
which the waters percolate and form soluble 
humates of different bases, among them iron. 
These humates are supposed to form food for 
microorganisms and the microorganisms are 
believed to aid substantiallv in rock decav. 
Besides aiding in the decay of rocks humus 
hydrosols are believed to aid in the precipi- 
tatioa of iron and other substances from 
solution. When ferric or ferrous salts are in 

* Aschan. Osslan, Die Bedeutung dor wasserldsllchen Hu- 
musstoffe (Humussole) ftlr die Blldung der See- und Sump- 
ferze: Zeltschr. prakt. Goolosle, Jahrg. 15, pp. 56-62. 1007. 
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solutiou in water containing humus hydro- 
sols ferrihumates or ferrohumates are formed. 
Ferrohumates are soluble, but under certain 
conditions of concentration and oxygen con- 
tent insoluble ferrihumates are formed and 
these are precipitated directly. The soluble 
ferrihumates and ferrohumates may have their 
organic portion utilized as food by microor- 
ganisms and the ferric hydroxide is then pre- 
cipitated. Thus insoluble ferrihumates and 
ferric hydroxide are believed to occur together 
in lake and bog iron ores, and this is sup- 
posed to explain the presence of organic car- 
bon in these ores. 

Sjogren ^ believes that the principal agents 
for the solution of iron in nature are sulphuric 
acid, carbon dioxide, and organic acids. Sul- 
phuric acid is formed by the decomposition of 
sulphides, and carbon dioxide and organic acids 
are formed mainly from decomposing organic 
matter. The decomposition of organic mat- 
ter in the absence of oxygen results in the 
formation of hydrocarbon combinations such 
as humus, which when acted upon by ammonia 
or alkalies yield humic acids. This action 
withdraws oxygen from surrounding mineral 
compounds, in this matter reducing ferric oxide 
to ferrous oxide, which then forms soluble dou- 
ble salts with ammonia and humic acids. These 
double salts may be further changed to fer- 
rous carbonate and this substance may be oxi- 
dized to ferric hydroxide by the removal of 
carbon dioxide in the presence of oxygen. The 
iron, however, may also be precipitated di- 
rectly from humic acid solutions. From sul- 
phate solutions iron may be precipitated as 
basic ferric sulphate, which, according to 
Sjogren, is changed to ferric hydroxide by the 
action of ammonium or alkaline carbonates or 
by humus. From a mixture of humic acid and 
iron sulphate solutions iron may be precipi- 
tated as ferric hydroxide by the action of am- 
monia. 

According to Beck' iron may also Be pre- 
cipitated from iron sulphate solutions by the 
addition of anmionium humate, which he 
states is always present in the brown waters 

* SJOKTen, H., TVber die Entstehung der schwedlschen 
ElsenorzlaKer : fleol. Fdren. Stockholm F5rh. 13, *p. 373, 
1891. Reviewed by R. Schelbe in Zeltschr. prakt. Oeolople, 
1893, pp. 434-437. 

*Beck, R.. The nature of ore deposits, vol. 1, pp. 101-103, 
translated by W. H. Weed, 1905*. 



of peaty regions. The precipitate formed is 
ferric oxide and later ferric hvdroxide. 

The opinions concerning the precipitation of 
ferric hydroxide from natural iron-bearing 
waters have been summarized above. Some- of 
these opinions are largely speculative as to pos- 
sible reactions which may take place under 
conditions such as are found in nature, but 
others are based on well-known chemical phe- 
nomena. Though many of the reactions men- 
tioned in connection with the precipitation of 
insoluble iron compounds from solutions of 
iron sulphate and organic iron salts probably 
occur, there is little doubt that far more im- 
portant than these processes is the direct pre- 
cipitation from ferrous bicarbonate solutions, 
whether through simple oxidation and hydrol- 
ysis or through the action of iron-depositing 
bacteria. The nature of the action of the bac- 
teria in the deposition of ferric hydroxide is 
discussed at length in a sul^sequent section. 

The precipitation of ferric hydroxide from 
ferrous bicarbonate solutions takes place al- 
most immediately after the iron-bearing wa- 
ters reach the surface, where they become sat- 
urated with oxygen and lose their carbon di- 
oxide. This accounts for the yellowish-brown 
ocherous scums, which occur around all springs 
and seepages of iron-bearing waters. How- 
ever, there is no doubt that iron is also carried 
in solution by surface streams whose waters 
are apparently rich in oxygen. In this man- 
ner iron in solution reaches lakes, lagoons^ and 
marshes, where it is precipitated and forms bog 
and lake ores. In what form the iron is car- 
ried under these conditions it is difficult to say. 
Perhaps enough carbon dioxide occurs in these 
waters to permit the carrying of appreciable 
amounts of iron as ferrous bicarbonate, or per- 
haps the iron is carried in the form of organic 
iron salts. The equilibrium between the sol- 
vent carbon dioxide and the ferrous bicar- 
bonate in solution is a subject which requires 
more thorough investigation. 

Besides the iron which is carried in solution 
by surface streams probably a considerable 
amount of light flocculent ferric hydroxide, 
which has been formed where the iron-bearing 
solutions first reach the surface, is carried 
in suspension by the current and is deposited 
when quiet water is reached. 
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The dehydration of iron deposits from their 
original form as ferric hydroxide to the final 
form of slightly hydrated ferric oxide is a 
slow process and results from several condi- 
tions. 

According to Ruff/ as already stated, the 
red colloidal ferric hydroxide suffers gradual 
dehydration and becomes anhydrous ferric 
oxide. The anhydrous oxide, however, in the 
presence of moisture becomes hydrated again 
and alters to the stable form, limonite, and re- 
mains in this form. Other investigators, how- 
ever, report that ferric hydroxide left for sev- 
eral years under water at ordinary tempera- 
tures became dehydrated and crystalline.' 

Spring * says that ferric hydroxide spontane- 
ously loses its water if the iron is not combined 
chemically with some other substance. The 
yellow color would thus indicate the presence 
of. alumina, lime, or magnesia. He believes 
that limonite is not a stable hydroxide and will 
give up its water when not in equilibrium with 
other oxides present. 

Pressure has in some places been an impor- 
tant factor in the dehydration of iron-bearing 
deposits and in other places heat and pressure 
both have been active. In some deposits the 
pressure may have been due simply to deep 
burial, but in other deposits deformational 
earth movements have been an added factor. 
It seems reasonable to suppose that long pe- 
riods of time, aided by pressure due to deep 
burial, might result in at least a partial dehy- 
dration of iron-bearing deposits. 

Various impurities besides iron salts are 
commonly precipitated with ferric hydroxide 
from solution, such as silica, phosphates, alu- 
mina, and manganese oxides. Silicic acid may 
be carried in solution in the colloidal form or 
as alkaline silicates.* The alkaline silicates are 
acted upon by carbon dioxide in solution and 
silica is thrown down. Colloidal silicic acid is 
deposited by evaporation. Phosphorus, prob- 
ably carried in solution in the form of solu- 
ble phosphates, may be precipitated either as 

* Ruflf, O., op. clt. 

"WUtsteln, Vierteljahreeschrift fUr Pharmacie, Band 1, 
p. 277. Cited by Moore, E. J., op. clt., p. 537. 

« Spring, W., Ueber die elsenbaltlgen FarbstofTe sedlmen- 
tAren Erdboden nnd fiber den wabrschelnllchen Urspning der 
rothen Felsen : Neues Jabrb., 1899, Band 1, pp. 47-62. 

* Sjogren, H., op. dt. 



calcium phosphate or as iron phosphate. Man- 
ganese, which may be present in solution in 
considerable amount, is thrown down upon 
oxidation as a mixture of manganese oxides. 
Some alumina also is probably precipitated 
with the ferric hydroxide, and, as previously' 
stated, gypsum is thrown down with bog ores' 
by the reaction of ferrous sulphate with cal- 
cium carbonate. 

FORMATION OF DEPOSFTS OF FERBOUS CABBONATE. 

Ferrous carbonate is known to occur in two 
forms — the insoluble carbonate (FeCOg) and 
the soluble carbonate or bicarbonate (hypo- 
thetical formula, Fe (11003)2). The insoluble 
carbonate occurs only in the solid form and is 
either crystalline or fine grained and amor- 
phous. It is made in the laboratory by pre- 
cipitating a solution of green vitriol 
(FeS04.7H20) with sodium bicarbonate and 
heating the mixture for 12 to 36 hours at a 
temperature of 150° C.° In this manner mi- 
croscopic rhombohedra of ferrous carbonate 
(FeCOs) are formed. When a cold solution 
of pure ferrous sulphate is treated with sodium 
carbonate, a flocculent white precipitate of fer- 
rous carbonate is formed, which becomes dirty 
green in color on exposure to air, due to the 
absorption of oxygen and the evolution of 
carbon dioxide, and soon changes to ferric hy- 
droxide. If the precipitate is washed in the 
absence of oxygen it may be obtained pure and 
colorless, but usually it takes the form of a 
gray powder, which oxidizes readily to ferric 
oxide on exposure to air. 

Ferrous bicarbonate occurs in many natural 
waters, being taken into solution by the action 
of carbon dioxide on ferrous carbonate. It is 
not known in the dry state, for on precipita- 
tion in the absence of oxygen it changes to in- 
soluble ferrous carbonate (FeCOg) and in the 
presence of oxygen it is precipitated as ferric 
hydroxide. 

The supposition that iron is carried in solu- 
tion in natural waters principally as the bi- 
carbonate, or at least as a soluble carbonate, is 
probably fairly well founded, because , abun- 
dant iron is found in many places in solution 

■ Roscoe, H. B., and Schorlemmer, C, A treatise on chem- 
istry, vol. 2, p. 1247, 1913. 
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in waters in which there is no other acid rad- 
icle present except the bicarbonate. Ferrous 
bicarbonate remains in solution for an indefi- 
nite length of time, as long as the waters carry 
an excess of carbon dioxide in the free state. 
' As soon, however, as waters become depleted 
of free carbon dioxide precipitation in one of 
the various forms already mentioned will take 
place, the particular form depending on the 
conditions under which deposition occurs. 
When abundant oxygen is present precipita- 
tion will occur in the form of ferric hydrox- 
ide. When no oxygen is present and at the 
same time carbon dioxide is removed precipi- 
tation occurs in the form of iron carbonate. 
This form of precipitation takes place in 
marshes or shallow bodies of water where veg- 
etation and decaying organic matter are abun- 
dant. The free carbon dioxide is supposed to 
be removed in part by diflFusion and in part 
through absorption by plants, and at the same 
time the waters are depleted of their oxygen by 
decaying organic matter. Even if part of the 
iron is precipitated in. the first place as ferric 
hydroxide, that substance would probably be 
reduced and altered to carbonate on becom- 
ing mixed with muds rich in organic matter. 
The deposition of ferrous carbonate in bogs, 
therefore, is very similar to that of bog-ore de- 
posits of ferric hydroxide, except that under 
these conditions the abundance of decaying 
organic matter results in the precipitate re- 
maining in the ferrous form or being changed 
to the ferrous form. 

If the iron is thrown down as ferric hy- 
droxide and sinks to the bottom it may become 
mixed with more or less organic matter as well 
as fine clastic sediments, and thus a considerable 
thickness of material may be built up.* The 
reducing action of the organic matter in the 
muds which changes the ferric hydroxide to 
ferrous carbonate is due to the removal of 
oxygen required for the oxidation of carbon 
compounds. As such places are below the 
level of ground water the conditions for the 
oxidation are imperfect, owing to the scarcity 
of free oxygen. The carbon, therefore, takes 
part of its oxygen from the ferric hydroxide, 
reducing it to ferrous hydroxide, which '•eacts 
with carbon dioxide to form ferrous carbonate. 



»Van Illse, C. R., op. dt., p. 827. 



The reaction, on the assumption that carbon is 
the reducing agent, is as follows : 

f 2Fe203-3H20+C=4FeO+C02+3H20 
4FeO+4C02=4FeC03 



1 



From ferrous sulphate solutions ferrous 
carbonate may be precipitated by calcium car- 
bonate^ according to the reaction : 

FeS0,+CaC0,=FeC03-fCaS0, 

In the absence of oxygen and free carbon di- 
oxide the ferrous carbonate thus formed will 
be precipitated along with the calcium sul- 
phate. 

According to Van Hise and Leith,* ferrous 
silicate which has been precipitated from fer- 
rous sulphate or other iron solutions by alka- 
line silicates, as explained elsewhere (p. 73), 
may, in the presence of abundant carbon di- 
oxide, be partly or entirely changed to ferrous 
carbonate, according to the following reaction : 

FeSi03+C02=FeC03+Si02 

In the presence of excess carbon dioxide the 
ferrous carbonate will go into solution but may 
become deposited by the removal of free carbon 
dioxide. 

Various impurities may be precipitated 
with ferrous carbonate, such as calcium car- 
bonate, magnesium carbonate, and manganese 
carbonate.* Of these impurities calcium car- 
bonate, which is almost invariably present in 
solution in iron-bearing waters, is by far the 
most important. Magnesium carbonate, how- 
ever, is commonly present and manganese car- 
bonate may be conspicuous locally. Silica also 
occurs abundantly in many places with ferrous 
carbonate. . It may be deposited in the form of 
clastic grains along with clay and other mate- 
rials, but generally it is in the amorphous form 
as chert, and in that form it may be either a 
chemical precipitate or it may be derived from 

• Moore, E. J., The occurrence and origin of some bog Iron 
deposits In the district of Thunder Bay, Ontario : Econ, Geol- 
ogy, vol. 5, pp, 528-537, 1910. 

•Van nise, C. R., and Lelth, C. K., The geology of the 
Lake Superior region : U. S. (leol. Survey Mon. 52, p. 526, 
1911. 

* Vogt, J. H. L.. Marmor und Eisenerze von IHinderland : 
Bildung der Hisenerzlager : Dunderlandsdalens Jernmalmfelt, 
1.S94, p. 106. Reviewed In Zeltschr. pralct. (Icologie, 1895, 
pp. 37-39. 
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the casts of minute siliceous organisms living 
in the water. Phosphorus probably remains 
in solution under conditions which cause pre- 
cipitation of iron carbonate. 

FORMATION OP DEPOSITS OF IBON SIUCATE. 

Various iron silicates, such as amphibole, 
pyroxene, biotite, garnet, epidote, olivine, and 
chlorite, which occur in igneous and meta-" 
morphic rocks have already been mentioned. 
Most of them are complex silicates containing 
iron, aluminum, magnesium, calcium, and other 
elements. Besides these there are a num- 
ber of secondary hydrous iron silicates which 
form under ordinary conditions of sedimenta- 
tion, such as glauconite, greenalite, thuringite, 
chamosite, berthierine, and bavalite. The oc- 
currence and association of these have also 
been described. 

In ordinary sedimentary iron-bearing de- 
posits, such as bog ores, ferrous silicates are 
stated by Van Hise to be formed by reaction 
between colloidal silica and ferrous com- 
pounds.* When ferric hydroxide is precipi- 
tated in the presence of abundant organic mat- 
ter and becomes mixed with it in the mud it 
is reduced to ferrous oxide, as already ex- 
plained. Van Hise says that if under these 
circumstances abundant colloidal silica is pres- 
ent it may unite with the ferrous oxide and 
form ferrous silicate, generally more or less 
hydrated. The formation of hydrous ferrous 
silicate under these conditions, rather than 
ferrous carbonate, is said to be probably de- 
pendent on the law of mass action.* It 
seems to be extremely questionable, however, 
whether ferrous silicate is ever formed in this 
manner. 

Van Hise and Leith* give a discussion of 
the formation of iron silicate from iron solu- 
tions by the action of alkaline silicates on fer- 
rous salts. The iron silicate greenalite 
(Fe(Mg)O.Si02.7iH20), of the Lake Superior 
iron-bearing formations, is supposed to have 
been thus precipitated. 

Various laboratorj' experiments were per- 
formed to show the reactions between silicic 
acid or alkaline silicates and iron salts. The 

^ Van FTlse, C. R., A treatise on metamorphlsm : U. S. Geol. 
Survey Mon. 47, p. 827, 1904. 

* Van mse, C. R., and Leith, C. K., op. clt. pp. 521-626. 



silicic acid used was produced from alkaline 
silicates by treatment with hydrochloric acid, 
so that the solutions contained sodium chloride 
as well. They thus resembled sea water, in 
which the deposition of greenalite is believed 
to have taken place. Van Hise and, Leith 
come to substantially the following conclusions 
concerning the formation of iron silicates:^ 

1. A solution of ferrous salt when boiled 
with silicic acid prepared as above stated [by 
neutralizing sodium silicate or water glass 
(NaaO.SSiOj) with hydrochloric acid] pro- 
duces (in the absence of air) no precipitate, 
showing that silicic acid and a ferrous salt do 
not react to form ferrous silicate. 

2. Ferrous sulphate reacts directly with so- 
lutions of silicates of the alkalies, producing a 
granular precipitate corresponding in composi- 
tion to the water glass used in the precipita- 
tion. Thus: 

FeSO,-fNa20.3SiO,=Fe0.3Si02-fNa,SO^ 

The precipitate formed in this manner is 
composed of ferrous silicate and free silica. 
When the relative proportions of alkali and 
silica are varied in the water glass the amount 
of silica precipitated with the ferrous silicate 
also varies. If a soluble magnesium salt is 
present it vvill be precipitated with the iron as 
magnesium silicate. The ferrous silicates pro- 
duced were as follows: (1) FeO.SSiOj, 
formed from hot or cold solutions with fer- 
rous salt in excess, (2) FeO.SSiOj, formed 
from cold solutions with water glass in excess, 
and (3) FeO.lOSiOj, formed from hot solu- 
tions with water glass in excess. When 
FeO.SSiOs is boiled with water silica is taken 
into solution and the precipitate which remains 
approaches FeO.SiOg in composition. How- 
ever, this composition is not reached, for the 
iron oxidizes, rendering the remaining silica 
soluble. If allowed to stand and dry, out of 
contact with the. air, the hydrous ferrous sili- 
cates also gradually lose water. 

3. The ferrous silicates require neutral or 
slightly alkaline conditions for precipitation. 
They are soluble in acids or strong alkalies. 

4. In the presence of oxygen varying amounts 
of ferric oxide form with the ferrous silicate. 

•Idem. p. 521. 
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5. Ferrous silicates may be precipitated by al- 
kaline silicates from various ferrous salts, such 
as ferrous sulphate, ferrous bicarbonate, and 
ferrous chloride. The reaction for ferrous 
chloride would be 

FeCl,+Na,SiOs=FeSiO,+2NaCl 

6. In the presence of an excess of carbon di- 
oxide ferrous silicate may be changed to fer- 
rous carbonate. 

The precipitates of hydrous ferrous silicates 
formed as described above are flocculent and of 
a green color. According to Van Hise and 
Leith they develop on settling a granular 
texture similar to the greenalite occurring 
in the Lake Superior iron formation. This 
phenomenon is stated to be due probably to the 
surface tension between the precipitate and 
the liquid. 

The commonly quoted hypothesis of the 
formation of the iron silicate glauconite is 
that of Murray and Renard which has al- 
ready been mentioned.^ According to this 
hypothesis the iron silicate is not precipitated 
as such but is formed by secondary processes. 
Shells of dead organisms, mainly Foraminif- 
era, drop to the bottom and become filled 
with fine mud containing iron. This mud is 
acted upon by the organic matter of the or- 
ganism in the presence of sulphates in the sea 
water resulting in the reduction of the iron 
present in the mud to sulphide. This sulphide 
later oxidizes to ferric hydroxide setting free 
sulphuric acid, which removes the alumina in 
solution and sets free colloidal silica. The 
colloidal silica in turn reacts upon the hy- 
droxide, and in the presence of potassium salts, 
derived from other minerals, forms glauconite. 

FOBlf ATION OF DLPOSFTS OF IBON SULPHIDE. 

• 

Sulphides of iron may be precipitated from 
either organic or inorganic solutions of iron 
salts by simple chemical reaction with other 
constituents in solution or with materials in 
contact with the solutions. Precipitation 
may also take place by the reduction of iron 
sulphate in solution through the action of or- 
ganic matter, bacteria, or other reducing agent, 

* Murray, J., and Renard, A. F., Challenger Rept., Deep-sea 
doposltg, p. 38.1, 1891. 

Clarke, F. W., The data of goochemistry, 3d ed. : U. S. 
Geol. Survey Bull. 616, p. 516, 1916. 



or by the action of hydrogen sulphide, liber- 
ated from decaying organic matter, on iron 
carbonate or other iron salts in solution. 

The following are the principal sulphides of 
iron : ^ 

FormnU. 

Ferrous sulphide, troiUte FeS 

Magnetic iron sulphide, pyrrhotlte FeuS« 

Ferric sulphide FcS* 

•Iron disulpliide, pyrite, marcasite, and mel- 
nlkowite FeSa 

Ferrous sulphide, or iron monosulphide, oc- 
curs in nature as a constituent of certain sedi- 
ments containing abundant organic matter and 
laid down under strongly reducing conditions. 
Such deposits occur in the Black Sea and else- 
where and have already been described. Fer- 
rous sulphide is also found as the mineral troi- 
lite, a constituent of some meteorites. It is 
easily formed in the laboratory * by the direct 
union of the elements iron and sulphur, (1) 
by burning iron in sulphur vapor^ (2) by 
heating iron filings and sulphur together in 
a red hot crucible, or (3) by stirring a white- 
hot iron rod in molten sulphur. In this man- 
ner ferrous sulphide forms as a yellowish crys- 
talline metallic substance. When iron filings 
and sulphur are mixed with water and rubbed 
to a paste, black 'ferrous sulphide is produced 
with the evolution of heat. It is also formed 
as a black amorphous mass by the action of 
ammonium sulphide on solutions of ferrous 
salts or by the reduction of ferric oxide or its 
salts in the presence of sulphates and decom- 
posing organic matter. Ferrous sulphide may 
also be formed by action of hydrogen sulphide, 
liberated from decaying organic matter, on iron 
carbonate or other iron salts in solution. 

Magnetic iron sulphide is a mixture of the 
monosulphide and the sesquisulphide of iron- 
It occurs abundantly in metalliferous veins as 
the mineral pyrrhotite. It does not form 
under ordinary conditions of sedimentation 
but is a product of hot magmatic Solutions. 

Ferric sulphide is not known to occur in 
nature. In the laboratory ^ it is produced by 
the action of ammonium sulphide on solutions 
of ferric salts in an excess of alkali. When 
the ferric salt is in excess a mixture of ferrous 
sulphide and sulphur is formed. Ferric sul- 

* RoRcoc. n. K., and Schorlemmer, C, Treatise on chemis- 
try, vol. 2, pp. 1232-1236, 1913. 
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phide is formed also by the action of hydro- 
gen sulphide on ferric hydroxide in the pres- 
ence of traces of anunonia. It may be formed 
dry by gently heating sulphur and iron to- 
gether or by the action of hydrogen sulphide 
on ferric oxide at a temperature not above 
100® C. When thus formed the material is a 
yellow nonmagnetic mass. 

Disulphide of iron occurs abundantly in 
nature as the minerals pyrite and marcasite 
and locally as melnikowite.^ Pyrite forms 
beds and lenses interlayered with sedimentary 
and metamori5hic rocks and occurs dissemi- 
nated or as concretions in sedimentary rocks, 
such as shale, limestone, and quartzite. It is 
also abundantly disseminated through igneous 
rocks and occurs in association with metallifer- 
ous ore deposits, both in those of magmatic 
origin and those of meteoric origin. In gen- 
eral it is one of the most widespread iron min- 
erals and occurs in rocks of various kinds. 
Marcasite occurs in metalliferous veins. It is 
not as common as pyrite. 

Iron disulphide is. said to be formed in na- 
ture by the action of organic matter on water 
which contains iron sulphate in solution and 
generally occurs as spherical, botryoidal, or 
stalactitic masses. It also is common in peat 
and coal, replacing organic matter and tak- 
ing the form of roots, wood, etc.* 

In the laboratory iron disulphide is formed 
by heating ferrous sulphide with ^sulphur or 
by passing hydrogen sulphide over oxides or 
chlorides of iron heated to redness. It is 
formed also as yellow crystalline pjn'ites when 
carbon bisulphide vapor acts upon heated fer- 
ric oxide; when a mixture of ferric oxide, sul- 
phur, and salammoniac is heated slowly above 
the volatilization temperature of salammo- 
niac; or when ferric chloride is heated with 
phosphorus pentasulphide. 

Van Hise ' says that iron disulphide may be 
formed in sedimentary iron-bearing deposits 
by the reduction of basic ferric sulphate, 
which, as has been explained, results from the 
oxidation of ferrous sulphate solutions and 
may be deposited together with ferric hydrox- 
ide in the bottoms of lagoons. The reduction 
is due to decaying organic matter, which re- 

^Doss. Brtino, Zeitschr. prakt Geologle, Jahrg. 20, pp. 
453-483, 1912. 

' BoBcoe, U. E., aiicl Schorlemmer, C, op. clt., p. 1234. 
•Van HIse, C. R., op. clt, p. 828. 



quires abundant oxygen and takes part of it 
from the basic ferric sulphate, which is thus 
reduced to disulphide of iron. As there is 
more iron present than is required for com- 
bination with the sulphur, it is believed that 
the excess iron may combine with carbon di- 
oxide or perhaps with silica and form fer- 
rous carbonate or ferrous silicate. 

Much of the iron sulphide occurring in sed- 
imentary rocks has doubtless been formed by 
chemical processes, but the chemical action is 
for the most part the result of the decompo- 
sition of organic matter by bacteria. Decom- 
posing organic matter may cause the forma- 
tion of iron sulphide (1) by the direct reduc- 
tion of iron sulphate in solution, owing to the 
removal of oxygen by the oxidation of carbon, 
or (2) by the action of hydrogen sulphide, pro- 
duced during the decomposition, on various 
iron salts in solution. Much of the iron sul- 
phide also is deposited directly by the bacteria 
which have the power of reducing iron sul- 
phates to sulphide and which have already 
been described. 

As bacteria are largely responsible for the 
deposition of iron sulphide in nature, the dis- 
cussion of this subject is therefore taken up in 
connection with the biologic deposition of 
iron. 

DSPOBinOH or ntOH BT BIOLOOIO AOEVCnES. 
FORMATION OF DEPOSITS OF FERRIC HYDROXIDE. 

As bacterial processes are becoming better 
understood their relations to various phenom- 
ena in geology are found to be of* increasing 
importance. Not only do they aid in the de- 
composition of rocks, as has already been 
shown, but they are important factors in the 
formation of certain rock and mineral deposits, 
notably those of calcium carbonate, calcium 
phosphate,* ferric hydroxide, and iron sul- 
phide. 

Drew,' Kellerman, Vaughan, and others who 
have recently investigated modem calcium 
carbonate deposits of the sea bottom have come 

* Blackwelder, Eliot, The geologic rOle of phosphorns : Am. 
Jour. Scl., 4th ser., vol. 42. pp. 285-298, 1916. 

*Drew, G. H., On the precipitation of calcium carbonate 
by marine bacteria and on the action of denitrifying bac- 
teria In tropical and temperate seas : Carnegie Inst. Wash- 
ington, Dept. Marine Biology, Papers from Tortugas Labora- 
tory, vol. 5, pp. 7-45, 1914. 
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to the conclusion that bacterial processes have 
played an important part in the formation of 
the vast beds of marine, nonfossiliferous lime- 
stone of various geologic ages. 

The generally accepted hypothesis for the 
formation of nonfossiliferous limestones has 
been that they were formed as chemical pre- 
cipitates^ the precipitation being ascribed to 
the action of ammoniimi carbonate, an end 
product of the decomposition of nitrogenous 
organic matter, on calcium sulphate present 
in sea water, according to the following equa- 
tion : * 

(NH,) 2C03+CaSO,=Ca(X>,+ (NH,) ,S04 

Decay-producing bacteria are of great im- 
poilance in this process, for it is due largely 
to their activity that ammonia is produced, 
and this unites with carbon dioxide in solution 
to form ammonium carbonate. 

Drew in his recent work has shown that 
widely distributed marine denitrifying bacteria 
are also of great importance in the precipita- 
tion of calcium carbonate. He claims that 
these bacteria have largely caused the exten- 
sive accumulations of chalky mud in the vicin- 
ity of the Bahamas and the Florida Keys 
which are being formed at the present time, 
and that they also play an important part in 
the cementation of fragments of coral and 
shells into coralline rock. He suggests that 
bacterial action has been an important factor 
in the past in the formation of chalks and 
limestones of different geologic ages. 

The principal denitrifying bacterium active 
in this precipitation is a minute, actively mo- 
tile bacillus with rounded ends, named Bcu;- 
terium colds by Drew but found by Keller- 
man to have a single polar flagellum and to 
belong to the genus Pseudomonas} It is a 
facultative anaerobe and has the power of re- 
ducing nitrates to nitrites. The nitrites thus 
formed gradually disappear with the forma- 
tion of some ammonia but without the per- 
ceptible formation of free nitrogen. 

^ Mnrray, J., and Hjort, J., The depth of the ocean, 1912. 

Murray, J., and Indne, R., On coral reefs and other car- 
bonate of lime forroatlonR In modem seas : Roy. Soc. Edln- 
banfb Proc, rol. 17. 18«1>. 

* Vaaghan. T. W^ Gt'ologlcal Investigations In the Baha- 
mas and southern Florida : Carnegie Inst. Washington, Ann. 
Hippt, I>pt. Marine Biology, Yearbook 13, pp. 227-233, 1915. 



The principal culture medium used by Drew 
in the laboratory for preparing cultures of 
this organism consisted of calcium malate (or 
calcium acetate), potassiimi nitrate, sodium 
phosphate, and sea water. Agar and gelatin 
were used in conjunction with these salts in 
the preparation of solid media. In these arti- 
ficial media the reduction of the nitrates be- 
gins in a very short time and is accompanied 
by the precipitation of calcium carbonate. 

Drew states that the precipitation of cal- 
cium carbonate by these bacteria is in part 
caused by the greater alkalinity of the solution 
which results from the breaking down of ni- 
trates and setting free of the bases during the 
process of denitrification but is probably due in 
part also to the direct breaking up of calcium 
salts (chiefly of organic acids), the calcium 
then uniting with carbon dioxide to form cal- 
cium carbonate. 

Kellerman and Smith,^ who have recently 
further studied the activity of the microorgan- 
isms that precipitate calcium carbonate, be- 
lieve that the precipitation may take place in 
any of the following ways: 

1. The reduction of nitrates results in the 
formation of nitrites and finally of ammonia, 
which unites with the carbon dioxide present to 
form ammonium carbonate, and this reacts 
upon calcium sulphate to form calcium car- 
bonate according to the equation already given. 
Ammonia may also be formed by the decom- 
position of protein. 

2. Ammonia itself may react on calcium bi- 
carbonate present in the sea water and pre- 
cipitate calcium carbonate according to the 
following equation: 

Ca (HCO3) 2+2NH^OH= 

CaC03+ (NHJ 2GOs+2H,0 

3. The bacteria feed on organic acids and as 
far as calciiun salts of organic acids are present 
in sea water these are broken up and the cal- 
cium unites with free carbon dioxide and is 
precipitated as calcium carbonate. For this 
process denitrifying organisms also may be 
necessary. 



> Kellerman, K. P., and Smith. N. R., Bacterial precipita- 
tion of calcium carbonate : Washington Acad. Scl. Jour., vol. 
4, No. 14, pp. 400-402, 1914. 
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Vaughan^ states that the deposits of cal- 
careous oolite in Florida and the Bahamas 
have probably resulted from bacterial activity. 
The calcium carbonate, which is precipitated 
in a finely divided state, largely as aragonite, 
forms spherulites, which by accretion or by 
accumulation around various nuclei build up 
oolitic grains, and these gradually accumulate 
to form beds. 

The formation of the deposits of calcium 
carbonate thus outlined shows considerable 
analogy to the precipitation of iron compounds 
by bacterial action, which is briefly summa- 
rized in the following paragraphs. 

Of the ^various accumulations of iron com- 
pounds in nature due to processes of sedi- 
mentation, biologic agencies are known to be 
important only in the deposition of those of 
ferric hydroxide and ferrous sulphide. In- 
directly, however, microorganisms may be of 
importance in the deposition of ferrous car- 
bonate and ferrous silicate as well. 

That biologic processes are important in the 
formation of iron-ore deposits is no new idea. 
It was first advanced by Ehrenberg eighty 
years ago and since then it has been reiterated 
at various times by observers who have had 
occasion to study the so-called iron bacteria. 
The facts regarding the activity of these or- 
ganisms in the precipitation of ferric hydrox- 
ide, however, have been treated in geologic 
literature only in a very general way and in 
many reports only vague references are made 
to them. 

It is now well known that not only iron- 
precipitating bacteria but various other iron- 
precipitating organisms exist, some belonging 
to the algae, and fungi and others belonging 
to the protozoa. Whether the term ** iron- 
precipitating organisms" is really applicable 
to many of the forms is still an open question. 
It is not definitely known whether certain of 
the organisms actually aid in the precipitation 
of iron compounds or whether they simply act 
as ga^therers of iron compounds precipitated 
by chemical processes. It is certain, however, 
that many of the forms do aid in the precipi- 

*Vaughan, T. W., Preliminary remarks on the geology of 
the BahamaR, with special reference to the origin of the 
Buhaman and Floridlan oolites : Carnegie Inst. Washington, 
Dept. Marine Biology, Papers from Tortugas Laboratory, vol. 
5, pp. 49-64, 1914. 



tation, among them being certain of the iron ' 
thread bacteria which precipitate ferric 
hydroxide from ferrous bicarbonate solutions, 
the various microorganisms which precipitate 
ferric hydroxide and basic ferric salts from 
solutions of certain organic iron salts, and the 
sulphate-reducing and hydrogen sulphide 
forming microorganisnis, which precipitate 
ferrous sulphide from iron-bearing solutions. 

In the formation of ferrous carbonate and fer- 
rous silicate deposits organic material is of im- 
portance to the extent that its decay results in 
the reduction to the ferrous form or the reten- 
tion in the ferrous form of any iron compounds 
present. In promoting this decomposition 
bacteria are of importance. The precipitation 
of such ferrous compounds in the form of fer- 
rous carbonate or ferrous silicate may take 
place by the absorption of solvent carbon di- 
oxide by plants, by rapid diffusion of carbon 
dioxide, or by reaction of the ferrous com- 
pounds with alkaline silicates. 

The activities of bacteria in depositing ferric 
hydroxide have been described quite fully in 
the foregoing pages, so that only a general 
statement concerning them is necessary. Ac- 
cording to present knowledge it may be said 
that, as regards physiologic activities, three 
principal varieties of these bacteria exist — 
(1) those which precipitate ferric hydroxide 
from solutions of ferrous bicarbonate and use 
the carbon dioxide liberated and the energy 
produced during oxidation for their life pro- 
cesses, (2) those which do not require ferrous 
bicarbonate for their life processes but which 
cause the deposition of ferric hydroxide when 
either inorganic or organic iron salts are 
present, and (3) those which attack organic 
iron salts, using the organic acid radicle as 
food and precipitating ferric hydroxide, or 
basic ferric salts, which are gradually changed 
to ferric hydroxide. These organisms can not 
utilize inorganic iron salts. 

The first group has at least one representa- 
tive and this is a very common and very im- 
portant form — Spirophyllum ferruginewnu It 
is probable, however, that GallioneUa ferru- 
ginea^ which is a near relative of Spirophyl- 
lum^ also belongs to this group, as well as 
other so-called iron bacteria whose physiology 
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has not yet been studied in detail. Lieske^ has 
shown that Spirophyllum ferruginewnt will 
not grow in media in which ferrous bicarbon- 
ate is not present, and that other iron salts can 
not take the place of ferrous bicarbonate in 
culture media for Spirophyllunu He found 
also that the smaller the amount of organic 
material present in the solutions the better is 
its growth. In solutions containing an abun- 
dance of carbon dioxide but in which organic 
matter was entirely absent, SpirophyUum fer- 
rugineum waS found to grow profusely. The 
culture solutions for Spirophyllwm which 
Lieske used contained metallic iron and carbon 
dioxide for the formation of ferrous bicarbon- 
ate, and small amounts of ammonium and mag- 
nesium sulphates, potassium chloride, calcium 
nitrate, and potassium phosphate to supply 
other elements required by the organisms for 
growth. 

In his experiments Lieske substituted other 
metals, such as manganese, lead, zinc, tungsten, 
copper, etc., for iron, but found that with none 
of these metals did growth take place. He at- 
tempted also to substitute ferric salts as well 
as other ferrous salts for ferrous bicarbonate 
but found that these did not induce any growth 
of Spirophyllum. However, he found that if 
ferrous bicarbonate were present in addition 
to some other iron salts the latter did not im- 
pair the growth. Atmospheric oxygen was 
found to be absolutely necessary for the growth 
of Spirophyllum.^ and when oxygen was ab- 
sent no growth took place. The optimum tem- 
perature was found to be 5® to 6° C, no growth 
taking place in solutions above 27° C. 

From these results it was concluded that 
Spirophyllum ferrugineum will grow in en- 
tirely inorganic media, that it does not re- 
quire organic carbon for food but will take 
its carbon from ferrous bicarbonate, and that 
besides carbon it requires iron and oxygen. It 
is difficult to see why the organism finds it 
necessary to take carbon from the ferrous bi- 
carbonate rather than utilize the carbon di- 
oxide in solution in the water, unless, as is prob- 
able, the oxidation of ferrous carbonate is 
necessary as a source of energy. 



* Lieske, R., Beitrftse «ur Kenntnls der Phy«Iolo(?io von 
Spirophyllum ferruoineum (Ellis) : Jahrb. wlss. Botanlk, 
Band 49, 01-127, 1911 ; also Centralbl. Bakteriologie, Abt. 
V, Band 31, pp. 296-298, 1911. 



The physiology of Crenothrix polyspora^ 
Clonothrix fusca^ and Siderocapsa treubii has 
not been thoroughly studied, and the exact con- 
ditions under which these organisms thrive are 
not known. Crenothrix polyspora grows abun- 
dantly in pure well waters, which, besides cal- 
cium and magnesium carbonates and a small 
amount of iron, contain few impurities. These 
conditions are very similar to those imder 
which Spirophyllum and Gallionella thrive 
and would seem to indicate that Crenothrix 
requires very little if any organic matter. 
Crenothrix polyspora apparently does not 
grow profusely in marsh waters, where abim- 
dant organic matter is present. Clonothrix 
fusca resembles Crenothrix in its occurrence. 
Siderocapsa^ on the other hand, more nearly 
resembles Leptothrix in its habits, occurring 
in marshes attached to living or dead vege- 
table matter and, like Leptothrix^ probably 
requires organic matter for growth. 

Of the second group of iron-precipitating 
bacteria the principal forms are Leptothrix 
ochracea {Chlamydothrix ochracea), and 
Cladothrix dichotonuu Leptothrix ochracea 
occurs abundantly in iron-bearing waters of 
iron springs and marshes^ and Cladothiix 
dichotoma is a common soil organism, appar- 
ently being but little influenced in its distribu- 
tion by the presence of iron compounds. 

While the occurrence of Leptothrix ochracea 
in nature is undoubtedly controlled to a large 
extent by the presence of iron salts, it has been 
shown by Molisch* that in the laboratory 
Leptothrix will thrive abundantly on iron-free 
culture media consisting of distilled water with 
1 to 2 per cent peptone. If iron is present in 
the culture solutions, however, Leptothrix will 
show better development and will deposit fer- 
ric hydroxide in its sheath. It has a great af- 
finity for manganese compounds as well, and 
if manganese salts are present it will deposit 
hydrated manganese oxide in its sheath. 

The form in which the iron or manganese 
occurs apparently makes little difference in the 
development of Leptothrix, In the natural 
waters in which Leptothrix grows the iron is 
probably largely in solution as ferrous bicar- 
bonate with perhaps subordinate amounts as 
ferrous sulphate and organic iron salts. In the 
laboratory Molisch used mainly organic salts 

^Molisch, nans. Die Eisenbakterien, p. 45, 1910. 
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of iron and manganese, such as iron ammo- 
nium citrate, iron ammonium tartrate, and 
manganpeptone, and obtained profuse growth. 

Like SpirophyUwm ferrugineum^ Leptothrix 
ochracea is an aerobic organism, but unlike 
Spirophyllum it requires organic matter as a 
source of carbon. Molisch states that he has 
never been able to cultivate it in a medium free 
from organic matter. The optimum tempera- 
ture for the growth of Lepiothrix ochracea is 
23° to 25° C., and the temperature limits are 
5° to 40° C. 

Cladothanx dichotoma is a widespread soil 
organism, occurring in association with Strep- 
tothrix^ Actinomycetes, and other thread bac- 
teria. It grows abundantly on most of the 
ordinary culture media used for soil bacteria, 
and if iron is present in them it will deposit 
ferric hydroxide on its sheath. 
• The third group of organisms probably in- 
cludes numerous species, nearly all of which 
are lower bacterial forms. These bacteria use 
the acid radicle of organic iron salts as a 
source of food, and this results in the precipi- 
tation of ferric hydroxide or basic ferric salts. 
Many of the forms probably attack only one or 
two organic salts, perhaps iron citrate, iron 
tartrate, or iron malate, but others may be able 
to use a large number of organic iron salts, in-, 
eluding salts of soil acids, such as humates. 
At present very little definite information is 
at hand concerning the importance of this 
process in nature, and even in the laboratory 
this phenomehon has been studied only in a 
very general way. It is quite possible that 
many of the already well-known soil bacteria 
have the power of thus precipitating insolu- 
ble ferric compounds from solution from one 
or more organic iron salts. I have isolated 
several forms which actively precipitate in- 
soluble ferric salts from solutions of ferric 
anmionium citrate and have cultivated them 
on solid media. I have also succeeded in caus- 
ing precipitation of insoluble ferric salts by 
microorganisms from iron oxalate, iron lac- 
tate, and other organic iron salts but have not 
yet been successful in growing any of the pre- 
cipitants of these organic iron salts on solid 
media. 

It seems probable that the insoluble ferric 
compounds precipitated as a result of this 
activity are mixtures of ferric hydroxides and 



various basic organic iron salts. After pre- 
cipitation, however, bacterial activity probably 
continues, and as a result more and more of 
the organic acid radicle is doubtless removed 
from the precipitate until finally only ferric 
hydroxide is left. 

The importance of this group of organisms 
in the formation of iron-ore deposits of course 
depends entirely upon the extent to which or- 
ganic compounds of iron, such as humates, are 
carried in solution in natural waters. Some in- 
vestigators believe that large amounts are car- 
ried in this way, but others believe that the 
amounts thus carried are insignificant and that 
practically all the iron in solution in natural 
waters is in the form of ferrous bicarbonate. 
From observations regarding the conditions 
under which iron is retained in solution in 
natural waters, notably the fact that surface 
waters, which are apparently saturated with 
oxygen and carry little carbon dioxide, com- 
monly contain appreciable quantities of iron, 
it seems reasonable to believe that iron is car- 
ried in other forms besides that of bicarbonate. 
What these forms are will have to be deter- 
mined by further work including careful analy- 
ses of iron-bearing waters. It is extremely 
difficult to detect organic iron salts when pres- 
ent in such small quantities as would occur in 
natural waters. 

As both chemical and biologic processes of 
various kinds are admittedly active in the pre- 
cipitation of ferric hydroxide, the question as 
to which process is predominant in the forma- 
tion of sedimentary iron-ore deposits and iron- 
bearing formations must be solved largely by 
field evidence. As many of the present de- 
posits of iron carbonate were probably origin- 
ally laid down as ferric hydroxide and were 
subsequently reduced, this question not only 
concerns the present deposits of ferric oxide 
but many of the deposits of ferrous carbonate 
and perhaps of ferrous silicate as well. 

From the geologist's point of view, the im- 
portant things to be considered with reference 
to bacteria that deposit ferric hydroxide are 
as follows: (1) Their distribution, whether 

widespread or limited; (2) the importance of 
their activity in natural iron-bearing waters, 

as compared with simple oxidation; (3) tfie 
conditions under which they are active; (4) 
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the part which they have played in the forma- 
tion of iron-ore deposits in the past. 

It has been repeatedly mentioned that iron 
thread bacteria are found practically wherever 
iron-bearing waters occur, whether stagnant 
or flowing. Some varieties are more abundant 
in iron springs, wells, and mines, where the 
water is relatively pure, but others are com- 
mon in marshes and lagoons where organic 
matter is abundant. I have examined ocherous 
scums deposited from iron-bearing waters from 
many different localities and hdve almost in- 
variably found that they consisted mainly of 
sheaths of iron thread bacteria associated lo- 
cally with granular and colloidal ferric hy- 
droxide. In fact, I have examined only one 
specimen of ocherous scum in which I did not 
find bacterial remains. This was obtained 
from the hot springs near Ainsworth, British 
Colimibia, and was sent to me by Mr. A. D. 
Wheeler, who says that the temperature of 
the spring is 112° F. The material is yellow- 
ish brown in color and in the dry state is a 
fine powder. Under the microscope it is seen 
to consist of minute rounded granules, some 
spherical, some elongated, and some irregular 
in shape. The granules are light-colored, semi- 
transparent, but with a dark border as though 
they might be hollow casts. 

One of the most common forms found, and 
one which occurs in relatively pure surface 
as well as underground waters, is Spirophyl- 
Iwm. I have found this form in nearly all the 
iron springs which I have examined and also 
in the waters of several njines and in iron- 
bearing well waters. It may occur in pure 
culture or it may be associated with any of the 
other forms of iron thread bacteria. OaUio- 
nella is not so common as SpirophyUtmu, and I 
have found it only in mines, where it is com- 
monly associated with SpirophyUum and 
Leptothrix. 

Leptothrix is almost as widespread as Spiro- 
phyllwm and usually is the predominant form 
where it is found. It is common in iron 
springs and marshes, where in many places it 
forms large yellowish-brown gelatinous masses. 
At one locality I found it in a mine occurring 
in gelatinous masses on the sides and bottoms 
of drifts near openings where iron-bearing 
waters issued. With it occurred also OallW' 
nella and Spirophyllum, This occurrence of 



iron thread bacteria in mine drifts at depths 
as great as 300 feet and probably much deeper 
is extremely interesting and to my knowledge 
has not been mentioned in the literature. It 
opens the interesting possibility that not only 
may these bacteria be instrumental in the 
fonnation of surface bog ores, but they may 
play a part in the formation of certain under- 
ground deposits of limonite such as those 
which occur in the Appalachian region. 

Creru)thrix and CloTwthrix occur more 
rarely than the other iron thread bacteria. I 
have found Crenothrix only in well water that 
has passed through city distributing pipes. 
Molisch, however, states that in Europe it has 
been found also in surface waters that contain 
iron. Clonothrix is said to live under the same 
conditions as Crenothrix, I know of its occur- 
rence only on the walls of certain underground 
aqueducts that conduct water from lakes to^ 
city reservoirs. 

Though the work concerning the distribu- 
tion of iron thread bacteria has perhaps not 
yet been as extensive as might be wished, it 
has been sufiicient to indicate that wherever 
accumulations of ferric hydroxide occur at 
the present time under normal conditions they 
are largely due to the action of iron thread 
bacteria. 

To what extent the lower iron-precipitating 
bacteria present in soil and natural waters 
are instrumental in the formation of deposits 
of ferric hydroxide it is as yet impossible to 
say. These organisms do not Jeave residues 
that are readily identifiable, as are those left 
by thread bacteria, and besides it is not known 
to what extent iron is carried in solution in 
forms that could be utilized by them. In many 
of the iron scums much granular and colloidal 
ferric hydroxide is associated with the casts of 
iron thread bacteria, and it is possible that this 
material may in part have resulted from the 
action of the lower bacterial types. At any 
rate it is of considerable interest to note that 
these organisms are almost universally present 
in soil and natural water. 

The abundant occurrence of iron thread bac- 
teria on articles of metallic iron that are rust- 
ing under water is also interesting. It shows 
that these organisms are readily distributed in 
nature and are not confined to certain places 
where iron-bearing waters are constantly 
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present, I have seen SpirophyUum attached 
to iron articles that were rusting in small tem- 
porary pools of water in localities where it was 
very difficult to account for its presence unless 
it had been carried by non iron-bearing waters 
for long distances. Generally when such pools 
of water dry up porous tubercles of iron rust 
are formed on the surface of the metallic iron. 
These tubercles may be several inches in di- 
ameter at the base and consist largely of dried 
casts of iron thread bacteria. See fig. 13 and 
PI. IX, B.) 

The question as to the relative importance of 
microorganisms and simple oxidation in the 
precipitation of ferric hydroxide under natural 
conditions is a difficult one to answer. I have 
allowed samples of water that contain natural 
ferrous bicarbonate in solution to stand in ves- 
sels so that the iron present was precipitated 
and formed a deposit at the bottom. Upon ex- 
amination this deposit was found to consist of 
a mixture of casts of iron thread bacteria and 
granular ferric hydroxide, the granular ferric 
hydroxide being somewhat more abundant. 
The granular material probably resulted from 
direct oxidation, although there is a possibility 
that lower forms of iron-precipitating bacteria 
assisted. However, even though simple oxida- 
tion may be more effective in the precipitation 
of ferric hydroxide from ferrous bicarbonate 
solutions, the fact that deposits of the precipi- 
tate found in nature are made up largely of 
bacterial remains indicates the importance of 
microorganisms in the accumulation if not in 
the precipitation of the ferric hydroxide. 

Other questions which arise are what pei- 
centage of the iron is carried in other forms 
besides that of ferrous bicarbonate, and what is 
the relative importance of organisms and sim- 
ple oxidation in the precipitation of ferric hy- 
droxide from^ such iron solutions. By present 
analytical methods it is practically impossible 
to tell ordinarily in what form the bases are 
carried in solution. It has been the common 
practice to combine certain bases with certain 
acid radicles without reference to the most 
probable combinations of salts present. Not 
only is it difficult, however, to determine in 
what manner different bases and acid radicles 
are combined, but also to determine the pres- 
ence of small quantities of certain acid radicles, 

65629**— 19 6 



especially those of organic salts, in solution. 
Iron may not all be present in solution as fer- 
rous bicarbonate or ferrous sulphate but may 
occur in forms which resist oxidation for a 
long time or may even require special condi- 
tions for any precipitation at all to take place. 

The conditions under which iron bacteria 
are active in nature seem to be extremely va- 
ried. They thrive in surface as well as in 
underground waters and in stagnant as well 
as in running waters. Temperature also, 
within moderate limits, seems to have little ef- 
fect on the growth of iron-depositing bacteria, 
altjiough most of them seem to prefer cold 
waters to warm waters. In the hot spring near 
Ainsworth, British Columbia, having a tem- 
perature of 112° F., there are apparently no 
remains of iron-depositing bacteria present in 
the ocherous deposits, but in ordinary iron 
springs both Leptothrix and SpirophyUum 
thrive during the winter as well as during the 
summer, and Crenothrix is present in city 
water pipes throughout the year. Lieske 
states that the optimum temperature for Spiro- 
phyUum is 5° to 6° C.» I have found 9° to lO*' 
C. to be a common temperature in iron springs 
containing growths of iron-depositing bacteria. 

The amount of iron required in solution for 
most iron-depositing bacteria seems to be ex- 
tremely small. Crenothrix is abundant in the 
water of the city supply of Madison, Wis., 
which contains only 1.8 parte of ferric oxide 
(FcaO,) per million, and. Leptothrix was 
found to grow profusely in iron spring water 
containing 5.2 parts of ferric oxide (FejOg) 
per million. The latter amount of iron im- 
parts a strong iron taste to the water, but I 
have found both Leptothrix and Spirophyl- 
lum in water in which the iron present was 
hardly noticeable to the taste. 

The amount of organic matter in solution is 
somewhat of a limiting factor in the growth 
of iron-depositing bacteria. Some forms, like 
Leptothrix, require a certain amount of or- 
ganic carbon present, but other forms, such 
as SpirophyUum, thrive best in water contain- 
ing little or no organic carbon. It is probable, 
also, that other materials in solution, such as cer- 
tain inorganic salts, affect the growth of iron- 
depositing bacteria. Iron-depositing thread 
bacteria have never been found in sea water and 

^ Lieske, R., op. cit. 
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probably do not occur there on account of the 
high percentage of certain inorganic salts 
present. 

The question as to what part iron-deposit- 
ing bacteria have played in the formation of 
iroQ-ore deposits in the past can not be set- 
tled by direct field evidence, for bacterial re- 
mains are comparatively short-lived in ocher- 
ous accumulations of iron oside,and theslight- 
est metamorphism will completely obliterate 
all traces of them. Schorler ' has shown that 
even in the ferric hydroxide crusts forming in- 
side of water pipes in cities which use iron- 
bearing waters, the form of the bacterial re- 
mains composing them is preserved only for a 
comparatively short time in the outer layers 
of the crust and the inside layers consist of 
compact linionite from which all traces of bac- 
terial forms have vanished. 

In some of the recent bog iron ore deposits, 
however, casts of the organisms are still to be 
seen, although there are many in which not a 
trace of them remains. Thus out of 61 speci* 
mens of bog ore ezaimined by . Molisch* he 
found only four which showed abundant re- 
mains of iron thread bact«rla. It is probable 
that much of the granular ferric hydroxide 
which composes bog iron ore was originally in 
the form of casts of thread bacteria, but doubt- 
less also much of it is chemically precipitated 
material, which has perhaps formed in quiet 
waters or which has had a chance to accumu- 
late because of becoming attached to bacterial 
threads or other objects. Perhaps a part of 
this granular material may have been precipi- 
tated by lower bacteria as well, such as Sidero- 
capsa and other forms already described, and 
thus would probably be indistinguishable from 
ically precipitated material, 
hemical and biologic processes seem 
been important in the formation of 
leposits in the past, and the question 
:h has predominated in the formation 
irticular deposit must he solved by a 
the conditions at the time of deposi- 
le method of attack involves a study 
of the sedimentation, but of climate, 
water, relation to land areas, nature 
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of currents, nature of materials carried in so- 
lution, and many other factors. It is only 
through a complete study of all the conditions 
involved that a conclusion may be arrived at 
as to the most probable manner of deposition 
of any individual deposit. 

rOBUATIOK OF PEPOatTB or FEBBOU8 GULPHIDE. 

The deposition of ferrous sulphide usually 
takes place in inclosed or partly inclosed bodies 
of water in which decaying organio matter is 
abundant. The organic matter is decomposed 
largely by the action of microorganisms, and 
during the decomposition hydrc^en sulphide, 
ammonia, hydrogen, methane, and other gases 
are liberated. Iron salts are probably brought 
in by streams from surrounding regions. Un- 
der strongly reducing conditions and in the 
presence of hydrogen sulphide these become 
converted to h^rous ferrous sulphide and are 
precipitated. 

In the formation of deposits of ferrous sul- 
phide, under ordinary conditions of sedimenta- 
tion, the ferrous sulphide may be precipitated 
from iron-bearing solutions directly by the re- 
duction of iron sulphates, sulphites, or tbio- 
sulphates by microorganisms, or it may be pre- 
cipitated by the action of hydrogen sulphide 
on ferrous salts in solution, the hydrogen sul- 
phide being formed by bacterial action either 
from decaying sulphur-bearing organic mat- 
ter, from salts of sulphurous or sulphuric acid 
by reduction, or from free sulphur by reduc- 
tion.' The precipitation of ferrous sulphide 
occurs under reducing conditions and usually 
in the presence of abundant decaying organic 
matter. The action is therefore largely de- 
pendent on the presence of various reducing 
and decay-producing organisms. 

Besides forming as a direct precipitate from 
ferrous solutions, ferrous sulphide may be 
formed by the reduction of originally precipi- 
tated ferric hydroxide under the action of de- 
caying organic matter in the presence of sul- 
phates. 

I have already discussed the precipitation of 
ferrous sulphide in some detail, so that it will 
not be necessary to state more than the essen- 
tials of the process here. Probably the most 

■X>>]ipllaDskl. W.. DcT KrelBlanf des ScbwetelH, In F. J*- 
far'a Handbacb der techDlBcheu UTColaglc, Band 3. pp. 21* 
220, 1904 -S. 
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interesting of the microorganisms concerned 
in this activity are those which reduce various 
salts of sulphurous and sulphuric acid and 
which are known to be widely distributed in 
nature. They live under anaerobic conditions 
and obtain oxygen, which they require for the 
oxidation of carbon within their cells, from 
sulphates, sulphites, and thiosulphates, with 
the result that these compounds are reduced to 
sulphides. Ferrous sulphide may thus be di- 
rectly formed by the reduction of iron sulphate. 

When sulphides of other metals, such as cal- 
cium or magnesium, are formed in an analo- 
gous manner, they may be further acted 
upon by carbon dioxide in the presence of 
water and changed to carbonates and hydro- 
gen sulphide. The hydrogen sulphide may 
then react on ferrous salts present in the water, 
especially ferrous bicarbonate, <tnd precipitate 
ferrous sulphide. The equation for this reac- 
tion has already been given. 

Hydrogen sulphide is abundantly produced 
by the decay of sulphur-bearing proteins. The 
power to form hydrogen sulphide from pro- 
teins during decomposition is common to all pu- 
trefying bacteria, of which there are innumer- 
able varieties and which are abundant every- 
where. The precipitation of ferrous sulphide 
(FeS) through the activity of these organ- 
isms becomes merely a question of the presence 
of dead organic matter and of iron salts in 
solution. 

The reduction of sulphur to hydrogen sul- 
phide takes place in the presence of decompos- 
ing organic matter. It is probably due to sec- 
ondary processes that result from various re- 
actions which take place under these condi- 
tions. The hydrogen sulphide thus formed 
will precipitate ferrous sulphide from ferrous 
solutions which may be present. 

The production of hydrogen sulphide 
through the action of bacteria is important and 
widespread.* In the presence of abundant 
hydrogen sulphide in the water and the result- 
ant decrease of oxygen the higher organisms 
frequently disappear entirely and the organ- 
isms which thrive in abundance are infu- 
soria, radiolaria, oscillaria, diatoms, Chroococ- 
cus^2iiid abundant bacteria such as sulphur bac- 
teria and various anaerobes. Of these the sul- 
phur bacteria are especially interesting, as they 

« Omellanskl, W., op. clt., pp. 22a-224» 1904-1906. 



oxidize hydrogen sulphide to free sulphur and 
sulphates and in this manner obtain energy 
for their life processes. This action is analo- 
gous to the oxidation of ferrous carbonate to 
ferric hydroxide by some iron thread bacteria. 
In the Weissowo salt sea in the Charkow 
government, Russia, Nadson found the follow- 
ing content of hydrogen sulphide per liter of 
water : * 

Content of hydrogen sulphide, in cubic centimeters per 
liter of water, from Weissowo salt sea, Russia, 

Depth of 16 meters 5. 91 

Depth of 18 meters 88.31 

Depth of 18.7 meters 184.96 

According to Lebedinzeff the Russian deep- 
sea expedition of 1891 found throughout the 
Black Sea at depths below 200 to 400 meters 
an increasing amount of hydrogen sulphide in 
solution.* 

Content of hydrogen sulphide, in cubic centimeters 
per liter, of toater from the Blach Sea. 

Depth of 213 meters 0.33 

Depth of 427 meters 2.22 

Depth of 2,026 meters 6. 55 

Depth of 2,528 meters (bottom) 6.55 

This high content of hydrogen sulphide is 
typical of the Black Sea and does not extend 
into the Sea of Marmora or the Mediterranean. 
Its presence is due to the action of anaerobic 
bacteria on organic matter in the presence of 
sulphates of the sea water. Sulphate and thio- 
sulphate reducers have also been found in 
Black Sea muds. According to Andrussow," 
the presence of hydrogen sulphide in the water 
of the Black Sea is due to the fact that on ac- 
count of the rapidly increasing density of the 
water with depth only the upper 170 meters 
have circulating currents, the rest being sta- 
tionary. This is not true of other seas where 
oxygen is carried to depths and the hydrogen 
sulphide formed is soon oxidized by sulphur 
bacteria to sulphates or reacts with iron salts 
present, causing the precipitation of ferrous 
sulphide. 

The precipitated ferrous sulphide usually 
does not form pure deposits but becomes more 

* Lebedlnieff, A., Soc. Daturalistes Odessa Travaax, Band 
16, 1891. Cited by Omellanskl, W., op. clt. 

• Andmssow, N., Acad. scl. St.-Pdtersbourg M^m., Band 
1, p. 1, 1894; Cited by Omellanskl, W., op. clt. 
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phide in alkaline solution ferrous sulphide is 
precipitated from the iron salts present as a 
black, colloidal, plastic, hydrous deposit, 
which impregnates the muddy mass of organic 
and clastic material. 

The gray oxidized liman mud when steri- 
lized keeps indefinitely. However, upon be-^ 
ing covered with water and reinoculated with 
fresh mud, with stream water, or with pure 
cultures of sulphate-reducing bacteria it again 
takes on a black color. This shows that livings 
organisms are responsible for the reduction. 

It has been shown also that at the same time 
that hydrated ferrous sulphide gel separates 
out in muds silica gel frequently separates out 
and forms thin films (less than 4 micra in 
thickness) around finely divided particles of 
hydrated ferrous sulphide gel, thus producing 
minute grains.* The granular texture thus 
produced is often characteristic of ferrous sul- 
phide deposits. 
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